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Abstract
The number of students who choose to pursue higher education outside their home
country has continued to grow, and one of the most popular international destinations is the
United States. International students, whose home language is not English, can find this
educational opportunity to be academically challenging. Institutions of higher learning can
admit international students and expect them to adjust to the linguistic, cultural, and social
differences in a new educational system without appropriate support. To better support
international students in undergraduate mathematics, researchers have focused on how language
and culture affect mathematical understanding (Barton & Neville-Barton, 2003; Durand-Guerrier
et al., 2016; Ferrari, 2004; Lesser & Winsor, 2009; Oudshoorn et al., 2019; Prendergast et al.,
2016; Sharma, 2018; Zevenbergen, 2001). To date, few researchers have focused on
understanding language learners’ transition to learn undergraduate mathematics in English from
a student perspective.
In this qualitative study, I explored two Arab undergraduate students’ perceptions of their
transition to learn mathematics in English at a large, public research university in the southeast
region of the United States. I collected data through three virtual in-depth interviews with each
participant and utilized a researcher reflexive journal to record my ideas, opinions, and personal
experiences. I framed my study within Schlossberg’s (1981) adult learning theory coupled with
a sociocultural perspective of language and learning mathematics through the lens of
Moschkovich (2002) and Brenner (1998). I applied Braun and Clark’s (2012) thematic analysis
to systematically identify, organize, and offer insight of numerous patterns across the data set. I
viii

identified three themes relating to participants’ challenges: overcoming initial shock, adjusting to
differences, and lacking formal interactive opportunities. I also distinguished three themes
regarding participants’ supports: using multiple resources, learning mathematics as a discursive
activity, and developing independence. I discuss implications for practice to provide an
equitable learning environment for all international students in undergraduate mathematics
courses. Recommendations for practice include an early intervention in tutorials that introduce
vocabulary and other meaning-making practices, an enhancement of undergraduate mathematics
teacher education programs to bring awareness of cultural contexts in the curriculum, and the
need for professional development to train university instructors regarding best practices for
teaching language learners.
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Chapter 1: Introduction
“The pursuit of learning beyond the boundaries of one’s own community, nation, or culture is as
old as learning itself. It stems from the human capacity for curiosity and adventure…and
reflects the ability of human beings to communicate with each other at varying levels and with
varying sophistication across the barriers of social particularities” (Bevis & Lucas, 2007, p. 1).
Context of the Study
International students have attended higher education institutions in the United States
since the 18th century (Bevis & Lucas, 2007). Following World War II, the United States
government created foreign policy to strengthen relations with other countries, and the
international student exchange was considered the primary tool to understand other cultures
(Olson & Banjong, 2016). The Organization for Economic Co-Operation and Development
(OECD) reported that the number of international students who choose higher education beyond
national borders has more than doubled since the year 2000, and this number grew to
approximately 4.6 million in 2015 (Wiers-Jenssen, 2018). Today, the millions of students who
study abroad are primarily attracted to Anglo-Saxon countries like the United States, United
Kingdom, and Australia (Rienties et al., 2012; Wiers-Jenssen, 2018). As a result of this
attraction toward Western nations and English-speaking settings, many international students
explore postsecondary education in the United States (Tsevi, 2018).
Most U.S. higher education institutions host significant populations of universally
mobile international students to meet the recent demand for globalization and
internationalization of our world. Globalization is a conglomeration of “the economic, political,
and societal forces pushing 21st century higher education toward greater international
involvement” (Altbach & Knight, 2007, p. 290). Internationalization is best explained by
1

improved academic quality of curriculum, recruitment, exchange programs, and research and
education partnerships with overseas institutions (Tsevi, 2018). Stakeholders in higher education
institutions in the United States are motivated to recruit international students for profit, for
knowledge and language acquisition, for international and cross-cultural perspectives, and for
enhancement of their curricula (Altbach & Knight, 2007). Not only do international students
contribute more than $27 billion to the U.S. economy, but they add an element of prestige to the
university (Thompson, 2018).
This educational global exchange is a challenge for international students who are
learning English, as English language proficiency determines their success within higher
education practices in the United States (Andrade et al., 2014). As U.S. colleges and universities
expand their international enrollment, they provide additional pathways for students with fewer
academic credentials and limited English language proficiency. Hence, English language
learners (ELLs) are one of the fastest growing segments of the population in higher education in
the United States today, and their English-speaking ability lies on a continuum from knowing
vocabulary words to conversational ability to academic proficiency in the English language
(Diaz et al., 2016). Although adult language learners might acquire social language in two years,
researchers have shown that mastery of academic English can take 4-7 years, if not more
(Barrow, 2014; Sharma, 2018; Slavit & Ernst-Slavit, 2007; Yushau & Mokhari, 2005).
There is a difference between the development of academic language proficiency, the
distinctive type of English used in classrooms and in textbooks, and the development of spoken
or interpersonal language proficiency within a second language. Limited language proficiency in
the language of teaching and learning is a contributing factor to academic challenges faced by
international students, as language learners must be able to use language for thinking and
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reasoning, rather than exclusively for basic interpersonal communication or conversation (Jiang
& Kuehn, 2015; Wu et al., 2015). Researchers have investigated the role of language in the
teaching and learning of mathematics extensively at the primary and secondary level (e.g.,
Cirillo, Bruna, & Herbel-Eisenmann, 2010; Fendrick, 2018; Gong & Gao, 2018; Rosa, 2015;
Schleppegrell, 2007; Slavit & Ernst-Slavit, 2007; Wilkinson, 2018). However, there is little
research on international students’ learning of mathematics at the undergraduate level (Flores &
Drake, 2014; Lesser & Winsor, 2009; Riordain et al., 2015). As international students navigate
the pathway to college in the United States, they will face many of the same issues as other
underrepresented students. Yet, the greatest challenge most international students experience is
language difficulties (Gautam et al., 2016; Tsevi, 2018; Wu et al., 2015; Yan & Sendall, 2016;
Yeh & Inose, 2003).
The Role of Language
Researchers have challenged the belief that mathematics is “universal” and independent
of language (e.g., Moschkovich, 2010; Scheppegrell, 2007; Wilkinson, 2018). Researchers have
recognized that language learners may possess content knowledge in mathematics but be
incapable of exhibiting it because of their language limitations (Acosta & Sanczyk, 2019; Barton
& Neville-Barton, 2003). In the past, educators believed language learners’ prior educational
experiences, which included mathematics instruction, would suffice to predict success for
learning mathematics in English (Robertson et al., 2000). However, Barton et al. (2005) noted
international students who study undergraduate mathematics through English as a second
language rely more on symbolic modes of working in the first year. Yet, “verbal language is
widely used in mathematical activities, and language related troubles are not confined to the
symbolic component at all” (Ferrari, 2004, p. 383).
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The role of language in mathematics teaching and learning has been studied since the
1980s (O’Halloran, 2014). Recently, instructional strategies have been developed to meet the
academic needs of ELLs in mathematics. For example, Sorto et al. (2018) suggested an
addendum to the Mathematical Knowledge for Teaching (MKT) Instrument. The researchers
hypothesized a practice-based pedagogical content knowledge for ELL instruction that would
help them with specific obstacles in the mathematics classroom such as the linguistic complexity
of mathematics and the multiple meanings for English words in learning mathematics. In this
addendum, additional instructional strategies were constructed as a subset within the larger MKT
instrument. The strategies are: (1) knowledge of obstacles encountered by language learners in
mathematics, (2) knowledge of resources that language learners draw upon in learning
mathematics, and (3) knowledge of instructional strategies that help language learners in
mathematics. Thus, researchers at the secondary level have recognized language learners’
specific needs that are overlooked in the traditional undergraduate mathematics classroom in the
United States.
International students need to understand more than the terminology and vocabulary of
mathematics in English to learn mathematics (Moschkovich, 2010). The academic language of
mathematics is comprised of a wide variety of literacy skills with its own syntax, semantics, and
discourse features (Barton & Neville-Barton, 2003; Kersaint et al., 2013). Unlike other content
areas, mathematics itself is a language (Kersaint et al., 2013; Moschkovich, 2010; Schleppegrell,
2007). “Although it is a common assumption that language is not a crucial issue in the learning
of advanced mathematics, there is research evidence that even in monolingual contexts, linguistic
issues do appear with implications for equity” (Durand-Guerrier et al., 2016, p. 86). Yushau and
Omar (2015) studied the effect of bilingualism or multilingualism on learning mathematics at a
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bilingual Arab University, as both teachers and students experience problems in teaching or
learning mathematics in a nonnative language. They concluded students’ English language
proficiency is a factor affecting their academic performance in mathematics.
Mathematics, as a language, has its own unique vocabulary, sentence structures, truth
conditions, and text features (Prendergast et al., 2016). It features multiple-semiotic formations
or meaning-creating systems, since it is often difficult to construct knowledge on language alone
(Schleppegrell, 2007). Symbols, oral language, written language, and graphs and visual displays
can all be used together to express meanings that go beyond ordinary language. Mathematics
concepts and symbols are not culture free. Many mathematical terms cannot be translated from
English to other languages, and parallel methods of processing mathematical thought might not
exist across languages (Slavit & Ernst-Slavit, 2007). For Schleppegrell (2007), academic
literacy is defined by the way students’ transition from every day, informal ways of construing
knowledge into understanding a range of academic vocabulary in context. Therefore, language
is an integral part for language learners to preserve and negotiate meaning in mathematics, as
“languages are regarded not as carriers of pre-existing meanings, but as builders of the meanings
themselves” (Ferrari, 2004, p. 383).
The Role of Culture
Kersaint et al. (2013) call academic literacy the reciprocal relation of cultural, social, and
psychological factors. The role of culture in mathematics teaching and learning is overlooked
(Oudshoorn et al., 2019; Zhou et al., 2019). Tsevi (2018) acknowledged international students
experience culture shock and are challenged by classroom dynamics, as academic settings are
different from what most international students were used to in their home countries. Wu and
colleagues (2015) acknowledged international students adjust to “different ways of thinking and
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doing in the US” (p. 1). Martirosyan et al. (2019) suggested international students’ interactions
and relationships with professors are strained because of culturally rooted mismatched academic
expectations. International students with fundamental cultural differences in classroom norms,
teaching and learning styles, discourse and communication, and interactions with others are
likely to encounter some academic adjustment. For example, international students, with diverse
cultural experiences, come from academic settings where emphasis is placed on the ability to
memorize, understand, and reproduce information. Instructors in US higher education
institutions expect students to think critically, to solve problems, and to develop and
communicate knowledge (Zhou et al., 2019). Based on the research, international students
reported U.S. higher education to be fast-paced and to require greater student participation.
“International students with diverse cultural experiences may perceive the learning
environment differently, especially compared with native students” (Zhou et al., 2019, p. 254).
Kersaint et al. (2009) concluded all students can have access and opportunities to learn in
mathematics classrooms if attention is given to classroom interactions, learning style
preferences, and community views of mathematics. Yet, many STEM educators have no formal
training to address culture and diversity in their pedagogical practices in higher education
(Kawas & Wong, 2019). “To provide culturally responsive instruction, teachers need to
understand how students’ culture (i.e., values, beliefs, customs, social norms, and language) is
influenced by their expectations for learning, their preferred learning styles (e.g., independent vs.
collaborative), and their preferred communication and problem-solving style” (Kersaint et al.,
2009, p. 64).
Since few educators in higher education have been trained to teach ELLs, they are
unaware of the cultural challenges that ELLs experience in the mathematics classroom. Lesser

6

and Winsor (2009) emphasized ELLs are reluctant to ask for concrete examples or to interrupt
the lecture to ask a word’s meaning. In fact, ELLs stop listening to the instructor to ask a fellow
student for clarification or continue to listen despite missing crucial key vocabulary. Ewing et al.
(2019) stressed the importance of content relevance, which requires understanding of students’
personal lives, and of use of manipulatives, which facilitates ELLs to justify their answers
verbally in English. International students experience significant differences when they study
higher education in the United States. This cross-cultural adjustment, which entails new
strategies and approaches to learning mathematics (e.g., technology, inquiry-based instruction,
and active learning), can lead to academic culture shock (Li et al., 2010). The major gap is that
little research has delved into the variation of cultural adjustment in undergraduate mathematics
among different nations and cultures.
Population of Interest
Although international students on U.S. college and university campuses represent over
220 countries and regions in the world, 60% of these students come from China, India, Saudi
Arabia, and South Korea (Tsevi, 2018). International students are one of the most diverse groups
in higher education today due to their racial and ethnic backgrounds, socioeconomic statuses,
varied languages, religious and cultural views, and political perspectives. International students
choose the United States because they believe the educational environment is superior to the
conditions of their home country, especially pertaining to faculty and resources (Olson &
Banjong, 2016). Hajjar and Cole (2019) reported educators in the Middle Eastern nations suffer
from a poor educational landscape. The education system has been slow to embrace educational
reforms. Teaching is viewed as a career of low social prestige with low salaries and job
satisfaction. Hence, Arab undergraduate students (AUS) may lack the proper background
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mathematics knowledge because of the poor quality of mathematics instruction. Recently,
Middle Eastern countries have implemented reforms to prioritize alternative educational tools
and instructional techniques to encourage creative and critical thinking (Wang et al., 2019).
Therefore, international partnerships are considered essential to promote a sustainable future for
the Middle East, as “U.S. universities provide opportunities not readily available in their native
countries” (Rabia & Hazza, 2017, p. 131). For that reason, Arab students represent one of the
larger international student populations in the United States. (Rabia & Hazza, 2017).
In 2018, Arab undergraduate students (AUS) comprised 7.5% of the total international
student population of 1,095,299 who studied in the United States. (IIE, 2018). Although Arab
countries in the Middle East include Algeria, Bahrain, Comoros, Djibouti, Egypt, Iraq, Jordan,
Kuwait, Lebanon, Libya, Mauritania, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Somalia,
Sudan, Syria, Tunisia, United Arab Emirates, and Yemen, in the IIE (2018), most Arab
international students originated from Saudi Arabia and Kuwait.
According to Alqarni and Williams (2018), the number of Saudi international students
who study in the United States increased dramatically after the origination of the King Abdullah
Scholarship Program (KASP). The Saudi study abroad program, launched in 2005, was funded
by the Saudi government to develop the intellectual capacity of its citizens. Due to increased
population growth and the high youth population, the Saudi government initiated the scholarship
to exchange scientific, educational, and cultural experiences with countries across the globe
(Hilal et al., 2015). Although the program was intended to last for only one year and the United
States was the only destination, it became the largest student overseas program worldwide. The
Saudi government extended the scholarship deadline until 2020 and expanded the destinations to
include countries across the world. Saudi Arabia, the United States’ fourth largest sending
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country, invested 9 billion dollars to fully fund students with tuition, medical coverage, airfare
for scholars, and a monthly stipend (Hilal et al., 2015). Further, Hilal et al. (2015) reported
KASP, at its inception, sponsored 9,000 Saudi students in 2006, but that number grew to 60,000
in 2014. Scholarship recipients range from the privately educated elite to publicly educated
youth from poorer, smaller towns. Arab students acknowledged a college degree in the United
States will provide opportunities that are not readily available in their native countries, and the
prestige of a foreign degree will provide access to higher paying jobs in their countries of origin
(Rabia & Hazza, 2017).
Statement of the Problem
International students experience more hardships than their American counterparts as
they transition to learning undergraduate mathematics in English (Rabia & Hazza, 2017). The
two biggest factors that impact the retention rate of international students are differences in
background/culture and language barriers (Elturki et al., 2019). For example, language learners
are incorrectly placed into lower-level curricular tracks, which can have a lifelong impact on
their opportunity to learn mathematics (Bostian, 2017; Kersaint et al., 2013). Language learners
experience a 10% disadvantage in overall performance in undergraduate mathematics than
domestic students (Barton & Neville-Barton, 2003). Additionally, Arab undergraduate students
must adapt to classroom participation structures (Abukhattala, 2013; Abunab et al., 2017; Al
Khaiyali et al., 2018). Researchers mentioned other hardships such as use of educational
technology, time demands, and cross-gender interactions (Abunab et al., 2017; Al-Hattami & AlAhdal, 2014; Alqarni & Williams, 2018; Rabia & Huzza, 2017). Arab undergraduate students
transition to this new experience by navigating four new and foreign elements that include
culture, language, religion, and geography (Rabia & Hazza, 2017). Although there is a large
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body of research that explores underrepresented students’ learning from a variety of
perspectives: race and ethnicity, socioeconomic status, first-generation college students, and
academic literacy (Kanno & Cromley, 2013), there is limited research available that explores
how international students learn undergraduate mathematics in English in the United States
(Sheryn & Ell, 2013). By pinpointing the factors that make the transition challenging and
examining the resources that enhance mathematics learning, higher education administrators and
professors might better understand AUS’ experiences and might provide the necessary support
for this student group.
Purpose of the Study
When many AUS first arrive in the United States to study at the university, they may not
be aware of the challenges to learn mathematics in English (Yushau & Bokhari, 2005).
Consequently, they are not prepared for the single measure testing to determine mathematics
placement at the university that often results in required remediation (Bostian, 2017). Further,
AUS remediate in mathematics classes with no special attention given to address the challenges
of language and culture to learn mathematics in English (Durrand-Guerrier et al., 2016; Ferrari,
2004; Turkan & de Jong, 2018). Researchers have recognized the importance of English
language proficiency in the understanding of mathematics. For example, Sharma (2018) found
students with a high level of proficiency in their first language and a similar level of proficiency
in the classroom language tend to outperform English monolingual students in mathematics. In
contrast, international students, with an inadequate level of language proficiency in the language
of instruction, tend to underperform in mathematics. Other researchers have emphasized the role
of culture and social distance to learn mathematics in English (e.g., Acosta & Sanczyk, 2019;
Lesser & Winsor, 2009). Educators need to learn about AUS’ mathematics experiences to
provide better academic and social support. The purpose of this study is to explore the
perceptions of Arab undergraduate students as they transition to learn mathematics in English in
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the United States and to describe the challenges they experienced and supports they received in
university mathematics as first-time, full-time international students.
Research Questions
There is a gap in the research on how AUS navigate language, culture, and social distance to learn
mathematics in English in the United States. In this study, I will use an interview protocol to
investigate the perceptions of AUS who are enrolled at the university. The following A Priori
questions will guide the study:
(1) In what ways do two Arab undergraduate students perceive their challenges to learn
mathematics in English in the United States?
(2) In what ways do two Arab undergraduate students perceive their supports to learn
mathematics in English in the United States, both in and out of the classroom?
Overview of Methodology
“Qualitative inquiry includes collecting quotes from people, verifying them, and
contemplating what they mean” (Patton, 2015, p. 14). Qualitative data are words and stories, as
told by participants, that describe and interpret some phenomenon. To address my A Priori
questions, I selected an exploratory, descriptive study design (Rog & Bickman, 2009; Merriam &
Tisdale, 2016; Patton, 2015). Rog and Bickman (2009) noted that exploratory research is
conducted to provide an orientation or familiarization with the topic under study, especially
when there is limited knowledge available on a topic. It often provides a foundation for future
studies. Since there is scarce research on the topic, I want to explore AUS’ insights about
learning mathematics in English. “A descriptive approach is appropriate when the researcher is
attempting to answer ‘what is’ or ‘what was’ questions” (Rog & Bickman, 2009, p. 15). My
objective in this study is to describe in detail, to fill in the gaps, and to broaden understanding of
AUS’ perceptions of language and cultural issues involved in learning undergraduate
mathematics in English, as well as the resources they draw on to support their transition.
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According to Merriam and Tisdale (2016), qualitative research is inductive. The
researcher can interpret and analyze constructs that lead to the development of a new theory.
Since I have experience with the situation under study and I have developed relationships with
the students in undergraduate mathematics preparation, my personal involvement and
engagement will be critical to understanding the phenomenon under study (Patton, 2015). I will
provide thick description through in-depth, open-ended interviews to take the reader into the
setting being described to understand the participants’ experience. Although it is evident that
most qualitative researchers seek to shape or modify existing theoretical frameworks, it is
possible for new research to expand the knowledge base (Merriam & Tisdale, 2016). In
summary, I chose a descriptive exploratory study design for this research to fulfill the purpose of
my study and to answer my A Priori questions.
Background of Researcher
“Qualitative inquiry provides a point of intersection between the personal and the
professional” (Patton, 2015, p. 33). Since I will conduct interviews, my skills, experience,
perspective, and background make a difference to what is studied and to what is discovered. I
am drawn to this study because it represents a significant part of my lived experience in teaching
mathematics to international students over the past three years.

However, my story begins over

five decades ago in a small, rural, predominantly white community in southern Indiana known as
Floyds Knobs. My mom was a high school business teacher I had teaching in my blood from an
early age, and I loved mathematics. In fact, I won the county-wide mathematics competition in
the fourth grade as a student at Lafayette Elementary School. In this section, I will share my
journey of learning and teaching mathematics, how my beliefs about mathematics have changed
because of my lived experiences, and how those changed beliefs have impacted this study. I will
recall seven significant stages in my life that determined my path as a mathematics educator.
12

Middle School Years
I attended public schools in the 1970s, where teachers and students were all white and
spoke English only. I learned mathematics in the “Back-to-Basics” era of mathematics
education, which means teachers used rule, drill, and practice to promote mastery of a topic.
Mathematics teachers had little time to foster interest in the subject or for students to achieve
understanding through practical experiences. In fact, I was only exposed to a few application
problems after practicing a mathematical algorithm in my mathematics classes. However, I had
my first female mathematics teacher, Mrs. Beverly Howard, in eighth grade Algebra 1, and I
loved her class. She was a no-nonsense, classy woman who dressed to perfection. She was
articulate in her mathematics lessons and left no room for error. I admired her “get down to
business approach” to teaching algebra, and she made me believe in myself as a mathematics
student. She was the only female mathematics teacher I had until much later in my college
career, and I blossomed under her tutelage. I realized my opportunity to learn mathematics was
impacted by a great instructor.
High School Years
Two significant events in my life occurred during the early 1980s. One ignited my
passion for education, while the other almost destroyed my love for mathematics. I started high
school at Floyd Central and took Geometry in 9th grade with a veteran teacher. I am persuaded
he believed that mathematics belonged in the domain of the elite, which, in his mind, consisted
of my white, middle-class, male peers. The patriarchal modes of teaching were in full swing,
which meant the rules for communication were narrow. I can remember raising my hand to ask a
question, and the teacher throwing an eraser at me and asking me if I was stupid. I left the class
feeling defeated and incapable of learning mathematics. Even though I had been placed in a

13

learning trajectory to take Calculus during high school, I opted out of taking any mathematics my
senior year. However, during these years, I began to run with my neighbor, Roger Moody, who
was the middle school principal at Floyd Central. He was a former Science teacher and
extremely passionate about education and specifically about learning styles. Roger had a
profound influence on me because he cared about me and encouraged me to pursue my dreams to
teach. I realized the opportunity to learn mathematics should have nothing to do with gender.
College Years
By the time I attended Florida College, a small, private college in South Florida, in 1984,
I was still undecided about a career path. I blended my love for business and mathematics
together to pursue a degree in Accounting. I took two mathematics courses my first year –
College Algebra and Trigonometry – to satisfy the requirement for an Associate Degree in
Liberal Arts. My mathematics professor, Dr. Curtis Byers, helped me rediscover my passion for
mathematics. He was a superb teacher, and I noticed how easy mathematics could be. I helped
others with their homework and gave tutorials before exams. After two semesters, Dr. Byers
asked me why I was not pursuing a career path in mathematics. His belief in me was
transformative, so I decided to complete my Bachelor of Science Degree in Mathematics
Education at a small satellite campus of Indiana University. I realized the opportunity to learn
mathematics was bolstered by confidence in one’s ability to succeed.
Student Teaching
Although I loved my education courses at Indiana University Southeast, I was not
enlightened or engaged by the advanced mathematics courses. However, there were sweeping
reforms in K-12 education in the 1980s, especially as it related to the quality of science and
mathematics instruction. As a result of this reform movement, mathematics teachers were to

14

make problem solving the focus of school mathematics. In fact, mastery of skills was not to
supersede problem solving strategies. My epistemology of mathematics was beginning to
change for the first time with the advent of the new reform: a problem-solving approach to
teaching mathematics and the use of technology (i.e., calculators) in the classroom. It was
during this turbulent time in mathematics reform that I started my student teaching experience at
Clarksville High School in 1988. I was paired with Mr. Ray Lewis, a veteran mathematics
teacher, who became my mentor for years to come. Not only were his quality of instruction
masterful and his love for problem solving contagious, but he had compassion for his students,
even those who were challenged to learn. The most important thing I gained from Mr. Lewis
was his belief that every mathematics student is valuable. I realized the opportunity to learn
mathematics should be equitable for students with differing levels of ability.
First Collegiate Position
After my student teaching experience, I was hired by Floyd Central to teach mathematics.
Although I taught high school mathematics, ranging from Algebra I to Calculus, for three years
and had an amazing experience, I decided to change the course of my life and career to become a
student recruiter at Florida College. While I was there, the Academic Dean asked me to teach
remedial mathematics classes. I learned something about myself in those few years of teaching
developmental mathematics, and I was reminded of something that I had learned in student
teaching. I am a champion for the underdog. The influence of Mr. Lewis kept echoing in my
mind. Learning mathematics is not an easy task for many students, and it is certainly not limited
to just a few. I wanted my passion for mathematics and my compassion for students to impact
the success of every single student in my classroom. I began to take an interdisciplinary
approach to teaching mathematics. I realized the opportunity to learn mathematics was enhanced
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when it was relevant to all students. Now I was inspired to complete a Masters’ Degree in
Mathematics Education at the University of South Florida in 1994. Then, after another turn of
events, I married and moved to Dyersburg, Tennessee.
Tenured Mathematics Teacher
In the small, rural town in west Tennessee, I taught a few adjunct classes at the local
community college and started a family. In 2006, the same Academic Dean recruited me back to
Florida College to accept a full-time tenure track teaching position in mathematics. By 2014, I
was tenured and appointed the first coordinator of the mathematics department in this same
predominantly white, English-speaking culture. I can honestly say that I loved my job. My
passion for education and mathematics were rooted in my long history, and my love for the
students motivated me to improve my teaching every year! After my children finished high
school, the Academic Dean was promoted to President, and I had to adjust to a new dean.
Unfortunately, my female voice carried less weight than before. I was disgruntled with my
inability to promote my ideas to enhance the mathematics department. I realized that teaching
and learning mathematics can be hindered by a “status quo” mentality.
Work at INTO USF
I took a leap of faith and resigned my position in the summer of 2016 and decided to
enroll in a PhD mathematics education program at the University of South Florida. By
December, I had applied for a vacant position as a mathematics instructor and tutor in the
English Language Program (ELP) for INTO USF. The assistant director interviewed me for the
position and asked me if I had any experience in teaching mathematics to diverse learners. It
was a pivotal moment in my teaching career, as I perceived how little I knew about the idea of
language learning or cultural diversity in mathematics. In fact, I had taught mathematics to less
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than ten international students during my entire career! Nevertheless, the assistant director knew
I wanted to pursue a PhD and was eager to learn “on the job,” so he offered me the position. I
taught two voluntary mathematics workshops to international students who were enrolled in the
Academic English (AE) program at INTO. The AE program is designed for international
students to take advantage of intensive language training before they are admitted to the
university.
When I first started teaching at INTO, I approached the mathematics workshop just like
my undergraduate courses for American students. I did not consider how to introduce
vocabulary, how to highlight key words with multiple meanings, how to slow down to give
students additional time for language processing, or how to improve communication structures in
the classroom. As I researched instructional methods and classroom activities specifically
geared toward ELLs, I transformed my teaching practices to reflect what I had studied. Then, I
understood that international students are faced with cultural and linguistic challenges in learning
mathematics in English for the first time. Hufferd-Ackles et al. (2004) suggested that “teaching
is beneficial when it awakens and rouses to life those functions which are in a stage of maturing”
(p. 83). My goal was to enrich the mathematical experience for all students in my ELM class. I
realized the opportunity to learn mathematics should be equitable for every student, regardless of
various racial, ethnic, and social backgrounds.
Why I Chose This Study
Clearly, international students experience many cognitive challenges in U.S. colleges and
universities (Caplan & Stevens, 2017; Durand-Guerrier, 2016; Tsevi, 2018). Knowing the
challenges that international students encounter in learning undergraduate mathematics in
English from first-hand experience, I am interested to learn more about how international
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students transition to undergraduate mathematics in English and to discover creative ways to
better support them in the classroom. Since China and Saudi Arabia are the two countries most
represented at INTO and many of my students over the three-year period were from the Middle
East, I want to understand the specific opportunities and challenges that AUS experience when
studying undergraduate mathematics in English.
I discovered many international students in my workshops had taken calculus in their
home countries in their first language to graduate from secondary schools and were planning to
major in engineering at the university. Yet, these same students often performed poorly on the
mathematics placement test in English at the university, which placed them into a developmental
undergraduate mathematics course and hindered their progress in the STEM fields such as
engineering and mathematics. In fact, in 2019, one third of the pathway students were placed in
a developmental course called Intermediate Algebra, which means they must take three
additional classes before they can take Calculus at the university. Half of the Pathway student
population generally test into the second level, College Algebra, and less than 10% are eligible to
enroll in Pre-Calculus, which is still below their level of mathematics proficiency in their first
language. To put this into perspective, for American students who want to study mathematics or
engineering in the U.S., it is recommended that first-year college students take calculus in their
freshman year. International students, who place in the lower mathematics classes, will need to
overcome many academic obstacles, especially students who are engineering majors.
After the AE students participated in my voluntary workshop for a semester and learned
academic vocabulary and reviewed mathematics concepts in English, many of them tested out of
the developmental mathematics course. By my third year of teaching at INTO, I understood the
value of the workshop and approached the assistant director and the administration of INTO
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about restructuring the mathematics workshop. I asked them to consider making it an elective
class in the AE program called English Language for Mathematics (ELM). We all saw the value
of the added mathematics instruction prior to taking the placement test in English. My boss, the
assistant director, gave me carte blanche to design ELM including curriculum, assessment, and
online materials to give support in mathematics for AE Level 4 students, who intend to study in
an undergraduate program in the United States. International students, who are not familiar with
studying mathematics in English, as well as those who had not studied math for a long time and
needed a review, participated in the class. The goal of the class was to help students perform up
to their abilities on a mathematics placement test and to help students be better prepared for the
undergraduate class into which they placed. The AE students were taught the math vocabulary,
notation, and content that is commonly encountered in intermediate algebra and were provided a
few lessons to introduce some topics found in college algebra. I tracked student evaluations,
placement test results, and pathway students’ grades in undergraduate mathematics classes to
improve student outcomes.
In my three years (nine semesters) of mathematics instruction at INTO, my pedagogy
evolved to better serve these diverse learners. Robertson (2018) identified four important aspects
that bring language and mathematics instruction together: language acquisition, building
background knowledge, increasing student language production, and explicitly teaching
academic language. International students with different language backgrounds and cultures
have different needs and expectations, according to their English language proficiency, first
language skills, and prior mathematics background. Researchers have shown that each language
has its own distinct mathematics register. “The mathematics register is more than just
vocabulary and technical terms. It also contains words, phrases, and methods of arguing within a
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given situation, conveyed through natural language” (Riordain et al., 2015, p. 13). Initially, I
found it difficult to promote participation in the mathematical discourse of my class.
International students struggle to comprehend the academic vocabulary of mathematics. I
did not realize that I needed to teach both mathematics and English vocabulary explicitly using
multi-modal activities (Slavit & Ernst-Slavit, 2007). I began to represent new vocabulary in nonlinguistic ways. For example, I would introduce the Cartesian coordinate plane including
terminology such as quadrants, axes, and origin by drawing the picture on the board, labeling
each part of the graph with the appropriate terms, and using gestures to describe the terms.
Cirillo et al. (2010) note visual representations and mathematics manipulatives are an excellent
way to teach second-language learners.
International students have grown up using the metric system, so they do not comprehend
the standard units of measure in English, which are common in mathematics applications in the
United States. Additionally, the context of most word problems in American textbooks is filled
with every day, culturally specific situations that confuse international students. Dense noun
phrases like “find the perimeter of a certain object given its dimensions in feet or yards” or “find
the sum of three consecutive integers” or something as difficult as “the horsepower to drive a
boat varies directly as the cube of the speed of the boat” are hard for international students to
understand. Further, translation is not always reliable as it might not reflect the exact meaning of
the problem (Sharma, 2018).
International students were not familiar with my interactive approach to teaching
mathematics, as their classroom participation structures were different in their home country.
They did not feel comfortable raising their hands or asking questions for clarification. In
general, Arab students come from teacher-centered classrooms, where it is inappropriate to
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interrupt a professor who is lecturing in class (Rabia & Hazza, 2017). Additionally, in Arab
countries, female teachers do not have male students, which created some level of discomfort for
the male students in my classes. When I assigned problems in small groups, they remained quiet
and worked independently. The Arab students were not accustomed to student-centered
learning. Also, the female Arab students were shy in class because they have not been permitted
to study with males in an academic environment in their home country.
International students needed additional time to solve mathematics problems in English.
It took longer for students to work through problems, write solutions and complete assignments.
“This means that if the instruction-language is foreign to the learner then it becomes a ‘double’
task – that of learning both the ‘foreign’ language as well as the mathematics that is being taught,
all at the same time” (Sharma, 2018, p. 110). International students needed more time to use
their home language as a resource for learning, as they must also differentiate between ordinary,
conversational English and the academic language of mathematics (Cirillo et al., 2010).
As I reflected on these issues and many others, I began to validate my students’
languages and cultures in the classroom. I afforded international students’ opportunities to speak
about their languages. Together, we compared vocabulary in English with their home language
to look for similarities and differences. International students shared their mathematics
knowledge with the class, as they had unique perspectives on concepts or algorithms learned in
their culture. Sometimes it would lead to creative ways of solving problems. We discussed
religious days and other customs, so I could make mathematics more applicable to their lived
experiences. I learned their names and how to say their names (to the best of my ability). I
encouraged students to ask questions and gave them permission to make mistakes.
This dissertation is a chapter in the story of my journey as a mathematics teacher. My
epistemology and pedagogical practices have been transformed through my interactions and
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engagement in teaching international students at INTO, and I am passionate to share research
about the role of language and culture in learning mathematics. Many Arab students from the
Middle East come to the United States for degrees in computer science and engineering, so
mathematics is an important part of their academic career. Previous researchers have shown that
the highest rates of academic failure in higher education are in mathematics, especially in
engineering programs (Vázquez et al., 2018). For these reasons, I want to explore how AUS
perceive their transition to learn mathematics in English in the United States. I hope my research
will inform a target audience, namely higher education professors in mathematics departments.
Theoretical Framework
Schlossberg (1981) developed a transition model to understand an adult’s ability to cope
with a transition. Researchers utilize this framework to analyze any transition process that results
in changed relationships, routines, assumptions, and roles (Anderson et al., 2012). The transition
model has been categorized as an adult development theory in the literature (Evan et al., 1998).
Although both native and nonnative students experience some level of transition when they
matriculate to higher education, international students face additional challenges in the
adjustment process, as it relates to linguistic, cultural, and social norms. Using Schlossberg’s
(1981) transition theory as the conceptual framework, I will conduct a qualitative inquiry to
explore and describe AUS’ perception of the transition to learning mathematics in English in the
United States. Since the role of language and culture in learning mathematics is the central
theme of the transition, I will draw on two complementary perspectives on language and learning
in mathematics to provide a mathematical lens to the transition model.
“Two perspectives on the relationship between language and mathematics can be
characterized as constructivist and socio culturalist” (Moschkovich, 2010, p. 76).
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Constructivism is centered on individual learning. Students reflect on their own experiences and
generate mental models to make sense of mathematics. Students learn when they adjust their
mental representations to accommodate new experiences. From a socio-culturalism viewpoint,
students learn mathematics through social interaction and cultural activities. Researchers did not
recognize the issue of language diversity in mathematics education until the 1970s
(Schleppegrell, 2007). Researchers utilized cognitive theory in mathematics education research
that began in the 1980s; mathematics educators wanted to understand how mental processes such
as memory, perception, thinking, and problem solving relate to behavior. Educators sought to
understand how learning mathematics in a second language affects achievement and how these
differences might be representative of cognitive processes. Mathematics was viewed as a body of
knowledge to be acquired and was centered around individual achievement. Therefore, treatment
of language diversity was individualist, rather than a cultural competency or a social
phenomenon (Barwell et al., 2018).
Moschkovich (2010) stressed the importance of active and repeated communication of
mathematical ideas to provide opportunities to learn for ELLs. “Recent research on mathematics
learning has focused on how students construct knowledge, negotiate meanings, and participate
in mathematical communication” (Moschkovich, 2002, p. 190). Moschkovich’s (2002) situatedsociocultural perspective of language and learning in mathematics is useful for avoiding
deficiency models of bilingual learners and provides a more complex and detailed view that
includes mathematical communication as an integral aspect of learning mathematics.
Mathematics has its own style of using language to construct knowledge (Schleppegrell, 2007).
Arab undergraduate students need to not only acquire the new academic vocabulary specific to
mathematics, but they will need to learn language patterns and grammatical structures to gain
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mathematical understanding (Slavit & Ernst-Slavit, 2007). Learning to participate in
mathematical discourse is more than finding the right word or struggling with multiple
meanings; the situated-sociocultural perspective shifts the focus from language development to
mathematical content and engagement in conversations about mathematics. In fact, “discourses
occur in the context of practices and practices are tied to communities” (Moschkovich, 2010, p.
13). Arab undergraduate students need equitable opportunities to understand lectures, to ask
questions in class, to share perspectives, and to use symbolic expressions, and to have extra time
to process language, to fully participate in mathematical discourse.
To understand the role of culture in learning mathematics, Mary Brenner’s (1998) threepart framework is a guide to understand the cultural relevance of instruction and curriculum in
the mathematics classroom. According to Brenner, there are three aspects of culturally relevant
instruction: cultural content, cognitive resources, and social organization. Cultural content is
understood by the extent to which mathematical activities relate to local communities. Arab
undergraduate students can be afforded opportunities to access books, handouts, or Web sites in
their native language. Cognitive resources are the tools students bring to the classroom from
previous instruction and from home. Arab undergraduate students have unique perspectives on
content such as algorithms learned differently in their culture or perhaps a new context for
application of a specific mathematical topic (Slavit & Ernst-Slavit, 2007). The instructor’s use
of a variety of possible roles, responsibilities, and communication styles that allow comfortable
and productive participation for all students in the classroom defines social organization. Arab
undergraduate students can gain mathematical understanding by participating in collaborative
groups with students of diverse linguistic and educational backgrounds. Arab undergraduate
students experience academic culture shock as they adjust to cultural differences in the new
learning environment: inherent behavior rules, lecture styles, class participation formats,
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assessments, value systems, student-professor interactions, communication structures, and so on
(Li, Chen, & Duanmu, 2010; Rabia & Hazza, 2017). Further, AUS leave behind a gendersegregated environment to transition to a mixed-gender environment (Alqarni & Williams,
2018). Finally, AUS are religious-centered people with restrictive cultural practices of daily
norms and rituals of their home country that can interfere with academic life (Abunadab et al.,
2017). International students are challenged by a new culture and a different language as they
transition to learning undergraduate mathematics in English in the United States.
Although these perspectives were introduced to explain the role of language and culture
in learning mathematics, the mathematics education community has primarily focused on the K12 school environment. At the higher education level, educators need to consider social support
and individual differences to understand AUS’ transition to learn mathematics in English.
Communication is only possible to the degree that AUS find support within the classroom
context. Therefore, I will utilize Schlossberg’s (1981) Transition Theory to provide an adult
learning perspective that is grounded in student perceptions and individual perspectives.
Adult transition theory is a theoretical foundation to understand adult development and
the individual coping strategies of the transition process (Goodman et al., 2006). Since
perception plays a key role in transition theory, individual differences can be explored, as they
relate to the language and support system in the transition process. Goodman and colleagues
(2006) identified four major components that influence international students’ ability to cope
with the new context for learning. These components, referred to as 4S factors, are situation,
self, support, and strategies. Arab undergraduate students’ persistence, retention, and success in
learning undergraduate mathematics in English are influenced by these factors. Although the
context or setting in which the transition takes place will be the same for each of the AUS in the
study, the situations, personal characteristics, social support, and strategies are completely
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different. I will bring attention to each individual adult learner in the study, as I consider issues
that bring international students to the United States for undergraduate education, personal and
demographic characteristics and psychological resources, interactions within the new context,
and coping responses to support the transition.
Significance of the Research
Since the engagement and academic achievement of international students is closely tied
to their retention and success, colleges and universities are responsible to provide international
students with equal access to resources as their U.S. peers and to offer the unique support they
need to learn. This proposed study is significant because it will add new and necessary
information to the literature about AUS’ experiences within the context of mathematics. The
inquiry will contribute to the sparse information on how AUS adjust to learn mathematics in
English and from one education system to another. ELLs differ from native English speakers in
classroom participation structures, previous knowledge and experiences, ways literacy is valued,
and cultural identity (De Jong & Harper, 2005). By understanding the experiences of AUS as
they navigate mathematics in the U.S., higher education leaders can address the issue of equity
and provide instructional resources on how to blend mathematical literacy and the needs of AUS.
Based on the typology of research purposes of Newman et al. (2003), I view my study
from three perspectives: (1) as a model for personal, institutional impact that could improve the
success rate of international students who take undergraduate mathematics, (2) as an opportunity
to explore complex phenomena which could generate new ideas for pedagogical practices in
undergraduate mathematics, and (3) as a public relations tool to inform international students
how to better prepare for the undergraduate mathematics program in the United States.
Researchers, who focus on the voices of international students and on descriptions of their
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transition in undergraduate mathematics in English, can provide rich data to inform higher
education institutions, undergraduate mathematics teachers, and future international students.
Definition of Terms
Definitions of specific concepts and terminology vary in the literature of mathematics
education research. The following definitions will be used throughout this study.
Arab Undergraduate Students refers to people whose familial ties originate in the Middle
East, Arabian Gulf, or North Africa and whose primary language is Arabic. The Academic
English program at INTO specifically teaches the development of academic skills, critical
thinking, and linguistic skills that will prepare students for college degrees in the U.S. The
content-based curriculum, which is part of the Pathway Program, has six levels of instruction,
depending on the students’ level of language proficiency. Bilingual refers to a person who is
proficient in two languages. Researchers have argued for a broad definition that views
bilingualism as a means for an individual to function, at some level, in more than one language
(Moschkovich, 2010). English language learner refers to students who do not have the fluency
of a native English speaker so to fully participate in mainstream English instruction (Sharma,
2018). This term can also represent students who are proficient in English but may need
additional support in academic settings. INTO has prepared international students for success in
higher education by offering a variety of academic Pathway and English language courses since
2006, so students can progress on to undergraduate and graduate programs at leading universities
in North America, the United Kingdom, and China. INTO has a unique partnership model, in
which the management board and the university are equal shareholders. This program helps
international students adapt to the educational, social, and cultural norms of another country.
Monolingual refers to a person who speaks only one language. Multilingual refers to a person
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who can communicate effectively in three or more languages. Pathway programs in the United
States make it possible for international students to take credit-bearing academic and English as a
second language courses, despite students having standardized English language test scores that
fall below minimum thresholds required for direct admission to the university. These programs
last about one academic year, and if international students finish the program with acceptable
English language skills and a high enough GPA, they are automatically accepted into the affiliate
school. STEM is a curriculum based on educating students in science, technology, engineering,
and mathematics in an interdisciplinary and applied approach.
Summary
Overall, international students comprise a significant portion of the total population in
higher education in the United States today and have received increasing attention in
mathematics education research in the past decades. Arab undergraduate students have unique
needs and challenges, even compared to other native countries (Alqarni & Williams, 2018).
Higher institutions of learning must not lose sight of the academic adjustment of AUS, as they
strive to actualize their goals of studying in the United States. I will focus a significant part of
research in Chapter 2 on the linguistic and cultural challenges faced by international students,
and specifically AUS in their mathematics studies at the university. Additionally, I will
elaborate on the theoretical framework, as it pertains to learning mathematics in English.
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Chapter 2: Review of the Literature
In chapter 1, I discussed how Arab undergraduate students (AUS) transition to learn
mathematics in English in the United States is an issue that deserves attention. In this chapter, I
consider literature related to the conceptual frameworks for the qualitative inquiry and research
studies related to international students’ perceptions of their transition to postsecondary schools.
I also delve deeper into the current literature on the role of language and culture in mathematics
learning. I organize the literature review as follows: (1) conceptual frameworks, (2) international
students’ experiences in postsecondary schools, (3) Arab international students’ adjustments to
postsecondary schools, and (4) the linguistic and cultural issues of learning undergraduate
mathematics.
Literature Search Strategies
Using the USF online library and searching with Google scholar, I restricted studies and
papers to journals published between the years 2005 and 2020. Initially, I focused my inclusion
criteria on all research articles and scholarly papers about the role of language and culture in
learning mathematics. I used search terms such as “second language learners in mathematics.”
Then, I restricted the search from mathematics to “undergraduate mathematics” to eliminate
studies involving K-12 education. As I broadened my scope to include my population of
interest, I searched for international students’ experiences in postsecondary schools, and I used
terms such as “international students’ perceptions of learning in U.S. higher education.” Finally,
I narrowed down the search from international students to “Arab international students” to
address the specific needs for my study.
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Additionally, I considered recent publications from higher education journals such as
Higher Education Research & Development, International Journal of Educational Research,
Journal of International Students, Journal of Student Affairs Research and Practice, Journal of
Studies in International Education, Studies in Higher Education, and The Review of Higher
Education. To explore research articles related to undergraduate mathematics, I reviewed
publications such as International Group for the Psychology of Mathematics Education,
International Journal of Mathematical Education in Science and Technology, International
Journal of Research in Undergraduate Mathematics, Language, Literacy, and Learning in the
STEM Disciplines, Mathematics Education and Language Diversity, and New Zealand Journal
of Mathematics. As I located journal articles of interest in my research, I considered related
articles within each source. I read abstracts of over a hundred research articles to look for my
inclusion criteria. I reviewed meta-analyses, dissertations, and literature reviews before I
selected the best sources for my study.
I used the following inclusion criteria for the study: international students’ perceptions of
higher education in the United States and Arab international students’ adjustment issues in
postsecondary schools, and English language learners’ experiences in mathematics. Since my
focus was on students’ perceptions of learning issues involved in the transition experience to
higher education, I chose qualitative studies that utilized instruments such as interviews or
surveys. I excluded studies about international students that focused on issues of acculturation
across physical, social relationship (personal life), and psychological (behavior and mental
status) domains (Wu et al., 2015). In general, I reviewed articles related to international
students’ academic and social issues as they relate to mathematics learning for this study. Many
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of the research articles and scholarly papers were related to the role of language and culture in
mathematics. I reviewed selected literature to answer the following A Priori questions:
(1) In what ways do two Arab undergraduate students perceive their challenges to learn
mathematics in English in the United States?
(2) In what ways do two Arab undergraduate students perceive their supports to learn
mathematics in English in the United States, both in and out of the classroom?
Identifying the Issue
Researchers have shown how language and culture affect mathematical understanding
(Barton & Neville-Barton, 2003; Durand-Guerrier et al., 2016; Moschkovich, 2002; Prendergast
et al., 2016). There are fundamental differences in the educational philosophies and practices of
the Middle East and the United States. Arab countries have continued to over emphasize
teacher-centered didactic approaches, where memorization and rote learning play an important
role in education, while U.S. higher education institutions have begun to realize the importance
of the development of critical thinking and communication skills (Abukhattalla, 2013). Further,
students from Arab countries are outperformed in mathematics and science compared to their
Western and Asian counterparts (Wang et al., 2019). Although it is a common assumption that
language and culture are not critical to mathematics learning, there is research evidence that
linguistic and cultural diversity, in fact, make a difference for second language learners (DurandGuerrier et al., 2016).
Theoretical Framework
A theoretical framework in qualitative research is essential for constructing the general
frame of the study, guiding the formation of questions, and providing focus for the process and
the methodology (Al Khaiyali et al., 2018). To support research on language and culture in
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learning mathematics, specifically as it relates to adult development, several theories and
perspectives have been developed (e.g., Moschkovich, 2002; Brenner, 1998; Schlossberg, 1981).
Nancy Schlossberg’s (1981) transition theory will be the overarching theoretical rationale for this
study to understand the adaptive process of adult language learners in undergraduate
mathematics. International students go through transitions and continually develop throughout
their lived experience, as well as during their college years. Arab students, who are leaving their
home country and traveling to the United States for the first time, are especially vulnerable, as
they adapt to a new culture and a new language. Schlossberg’s (1981) Transition Theory is
grounded in student perceptions and individual differences.
Adult Learning Theory
Goodman et al. (2006) utilized adult transition theory to provide a theoretical foundation
to understand adult development, as well as coping strategies that can be used to assist
individuals experiencing a transition. Since perception is critical to transition, this theory is
useful to acknowledge personal differences. In fact, researchers use it to provide a language and
support system around adult students in transition. Goodman and colleagues (2006) define a
transition as “any event or nonevent that results in changed relationships, routines, assumptions,
and roles” (p. 33). To understand the meaning of the transition for Arab undergraduate students
(AUS) who seek higher education in the U.S., Goodman and colleagues (2006) identified four
major sets of factors, known as 4S factors, that influence the transition: situation, self, support,
and strategies. Each factor is related to AUS’ persistence, retention, and success in learning
undergraduate mathematics in English. Although the context or setting in which the transition
takes place will be the same for each participant in the research study, the situations, personal
characteristics, social support, and strategies might be completely different. I bring attention to
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each adult learner in the study by considering individual issues such as impetus to study in the
United States, demographic characteristics and psychological resources, social interactions
within the new context, and coping responses. Figure 1 provides a description of the 4S factors
included in this study.

• Language
development
and cultural
content

• Cognitive
resources and
communication
strategies

Situation

Self

Strategies

Support

• Utilize
resources and
develop
independence

• Social
interaction
and
participation

Figure 1: Interaction of Theoretical Frameworks

Situation
Schlossberg (1981) identified certain factors that affect an adult’s ability to transition.
The first factor is related to the trigger, timing, control, role change, duration, previous
experience, concurrent stress, and assessment of the transition (Evans et al., 1998). In other
words, AUS’ experiences are viewed through the lens of what precipitated the event and how
much control the individual perceived to have in the process. Tinto (1987) posited students enter
college with family and individual attributes as well as precollege schooling. Parents of
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international students have high aspirations and place great value on college attainment and want
their children to study abroad. Arab students prefer higher education in the U.S. because, in
return, they hope for lucrative employment (Al-Hattami & Al-Ahdal, 2014). International
students receive economic rewards by filling in the skills gap in the highly competitive science
and technology market of the United States, while the overseas returnees gain attractive
employment opportunities in their home countries (Choudada, 2017). Acquiring language skills,
gaining cultural knowledge, and exploring research opportunities are just some of the
nonmonetary advantages of this decision. Pre-entry attributes are important to understand how
international students transition to postsecondary education.
Self
Schlossberg (1981) asserted adult students’ transition experience is based on their
personal and demographic characteristics. Psychological resources such as outlook,
commitment, and values are also critical to the transition process (Evans et al., 1998). Tinto
(1987) suggested that students enter higher education with certain commitments, both to finish
and stay in college. Choudada (2017) noted international students’ mobility is improved by
academic preparation and achievement. Hence, international students choose to attend researchintensive universities in the United States since they can meet the rigorous academic standards.
Further, they are highly motivated to follow career paths in a foreign country to focus on specific
skills. Since international students are dependent on financial aid and other scholarship awards
from American institutions, many of the sending countries provide full support especially in the
science and engineering fields (Choudaha, 2017). International students’ goals and
commitments are vital to their persistence upon entering higher education.
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Support
Schlossberg’s (1981) third factor is related to adult students’ interactions with family,
friends, institutions, and communities. Transitioning to college is a complex process that
involves intellectual and social development, utilization of organizational resources, attention to
cultural differences, and a welcoming community (Locks et al., 2008). Since international
students experience academic challenges of being multilingual in American colleges and
universities, student learning and satisfaction with the university experience is directly
influenced by the quality of interactions between diverse others (Rankin & Reason, 2005). Adult
students who experience supportive environments tend to have positive academic and social
outcomes.
In Tinto’s (1993) model, college students’ goals and institutional commitments are
influenced by academic integration and social engagement. International students enter an
environment where performance and intellectual development determine academic integration,
and they enter a social system where peer group interactions and faculty interactions lead to
socialization. Researchers have reported mental health and public concerns for international
students due to academic challenges, financial difficulties, and interpersonal problems with U.S.
students (Yeh & Inose, 2003). International students prioritize close relationships with their
fellow nationals and can be confused by their interactions with U.S. students who are
independent, assertive, and self-reliant. Since many international students are also ELLs, they
will experience some degree of identity change, as they transition to a college community
(Benzie, 2010). If international students are given opportunities to engage diverse groups in
regular and structured ways, they are more apt to experience growth in vital educational
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outcomes during the transition process. Hence, intimate relationships, family units, networks of
friends, and institutions and communities are important factors (Evans et al., 1998).
Strategies
The last factor in the transition process is the coping response (Schlossberg, 1981).
Evans et al. (1998) claimed three strategies are common in the transition process: those that
modify the situation, those that control the meaning, and those that manage the stress in the
aftermath. For example, international students, who are involved in out-of-class activities and
depend on family and friends, reported more satisfaction in the adjustment process (Tsevi, 2018).
International students improved their chances of success by seeking opportunities for
engagement and integration (Caplan & Stevens, 2017). Universities can support international
students’ sense of belonging by providing intercultural dialogue, collaborative work, and
participation in events sponsored by students’ own cultural group (Brunsting et al., 2018).
International students mentioned other coping strategies in the literature such as reminders of
home culture, humor, and engaging with supportive people. The 4S factors, as described by
Schlossberg (1981), are a true reflection of adult readiness for change. Based on this adult
education literature, social support and individual perspectives will be an integral part of AUS’
perceptions of their transition to learn mathematics in English in the United States.
Sociocultural Theory in Mathematics
Goodman and colleagues (2006) acknowledged the importance of conducting research on
how individuals perceive the transition process to understand adult development. To create a
conceptual lens to understand AUS’ perceptions to learn mathematics in English, I draw from
two relevant theories about the role of language and culture in mathematics learning: Judit
Moschkovich’s (2002) situated sociocultural perspective of language and learning mathematics
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and Mary Brenner’s (1998) communication framework for culturally and linguistically diverse
students. I demonstrate the interaction between all three theories in Figure 1.
Moschkovich’s Sociocultural Perspective
Moschkovich (2010) emphasized that ELLs construct mathematical meaning when they
share their reasoning. Although other researchers limited their view of language learning in
mathematics to acquiring mathematical vocabulary and to understanding multiple meanings
across registers, Moschkovich advocated for participation in mathematical practices.
Moschkovich (2002) concluded this theory provided a more complex and detailed view of how
students use resources and competencies to participate in mathematical communication.
Learning mathematics requires carrying out computations or solving traditional word
problems, which places a strong emphasis on acquiring vocabulary. Academic vocabulary is a
central issue second-language learners face when learning mathematics. This view is “reflected
in the early research on bilingual mathematics learners, which focused primarily on how students
understood individual vocabulary terms or translated traditional word problems from English to
mathematical symbols” (Moschkovich, 2010, p. 192). It is important to note learning to
communicate mathematically is only possible when ELLs acquire the academic vocabulary
(Ledibane et al., 2018). Ledibane et al. (2018) referred to this process of language acquisition in
mathematics as “comprehensible input.” It delivers the impetus for learning to take place.
Instructors facilitate this process by writing down the vocabulary and symbols on the board at the
beginning of a class. Then they discuss the definitions and representations to provide a reference
to the meaning of the words and terminology as they are used in the lesson. Riccomini et al.
(2015) noted the ability to effectively communicate in mathematics requires a robust vocabulary
knowledge base. Yet, Moschkovich (2002) argued the vocabulary perspective has limitations, as
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students construct meaning for mathematical terms by using multiple resources such as gestures
and objects. Clearly, knowing a list of mathematical vocabulary will be helpful, but it will not be
enough to learn the language of mathematics.
Learning mathematics also entails constructing multiple meanings for words rather than
acquiring a list of words. This shift from everyday terms to more mathematical and precise
meanings is commonly referred to as the mathematics register. “These multiple meanings can
create obstacles in mathematical conversations because students often use the colloquial
meanings of terms, whereas teachers (or other students) may use the mathematical meaning of
terms” (Moschkovich, 2010, p. 193). When second language learners are confronted with input
that they do not understand, they will need reciprocal interaction with instructors and peers
(Ledibane et al., 2018). These interactions are called modifications or negotiations. Learners are
alerted to their mistakes and have opportunities to correct mathematical misconceptions.
However, Moschkovich (2002) argued that the multiple meanings perspective does not account
for the multiple material, linguistic, and social resources language learners bring to mathematical
communication. Clearly, knowing a list of technical mathematical terms will provide some
analytical tools to communicate mathematically, but it will not be enough to participate in
mathematical practices.
“Situated perspectives of cognition present a view of learning mathematics as
participation in a community where students learn to mathematize situations, communicate about
these situations, and use resources for mathematizing and communicating” (Moschkovich, 2010,
p. 197). Moschkovich (2002) concluded that for ELLs to fully participate in mathematical
practices they need to explain solutions, make conjectures (generalizations and abstractions),
prove conclusions, and present arguments with precision, brevity, and logical coherence. To
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become an active participant in the learning process, ELLs need opportunities to use multiple
resources to communicate mathematical ideas such as gestures, practices, beliefs, values, and
communities. Ledibane et al. (2018) referred to this type of discourse as “output” in language
production. Discourse is important because “it generates highly specific input the cognitive
system needs to build up a coherent set of knowledge” (Ledibane et al., 2018, p. 8).
“Mathematical discourses include not only ways of talking, acting, interacting, thinking,
believing, reading, and writing but also mathematical values, beliefs, and points of view of a
situation” (Moschkovich, 2002, p. 198). I provide a list of discourse features in Figure 1 that
impact international students’ opportunity to learn mathematics in English.
Brenner’s Communication Framework
Discourse is an integral part of learning language and mathematics (Cirillo et al., 2010;
Moschkovich, 2002; Schleppegrell, 2007). Whole-class discussions in mathematics classrooms
allow ELLs to draw upon linguistic resources that they bring from home and support
mathematical understandings. Mary Brenner (1998) provided a three-part communication
framework to understand the role of culture in learning mathematics. Moschkovich (2010) noted
that Brenner’s goal was to broaden participation for students from non-dominant communities.
Brenner used social and cultural theory, combined with cognitive theory, to propose a theory for
designing and researching culturally relevant pedagogy (Walqui, 1999). Brenner (1998) sought
to support ELLs’ mathematical reasoning and mathematical discourse to improve conceptual
understanding and for learning mathematics through curriculum and instruction. Since Brenner
developed this framework to recognize equity as one of the goals of the mathematics reform
movement, its target audience was early education in the United States. Brenner (1998) defined
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three aspects of culturally relevant instruction: cultural content, cognitive resources, and social
organization.
Cultural Content. Cultural content is explained by the extent to which mathematical
activities relate to local communities. In other words, do instructors respect and incorporate the
cultural traditions of diverse learners in the classroom? To incorporate the contemporary
everyday lives of ELLs as equally part of culture would mean that instructors need to learn about
the culture of the diverse students, which is difficult for untrained instructors. Merely changing
names to reflect diversity in word problems is not the goal of this component. Instructors must
incorporate techniques to ensure all students understand instructions, modify the linguistic
complexity of speech by using shorter sentences and re-phrasing questions, and write key terms
and informal explanations of terminology. Similarly, Rosa (2015) stressed the value of relating
mathematics to the culture of ELLs. Connecting mathematical curriculum through real world
associations to international students’ home countries is an important tool to build a sense of
community (Janzen, 2008). Further, Kersaint et al. (2013) noted a way to address language
barriers in the mathematics classroom was to contextualize practice by taking into consideration
language, culture, and worldviews.
Socialization is an integral part of international student success in higher education
(Barwell et al., 2018). Language learners fear criticism and ridicule and are often haunted by
doubts about their English word choices (Schumann, 1986). Such fears can prohibit ELLs from
actively participating in an academic setting. International students face anxiety when moving
into a new culture and are disoriented in this dependent state. Culture shock can divert energy
and attention away from second language learning. Language acquisition is integral to the
transition process, and language learners are motivated by the need to gain recognition from their
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own community, to acquire it for professional reasons, or to deal with technical advisors and
educators. International students take risks and make mistakes, so interactions are often clumsy
for all involved (Brunsting et al., 2018). Hence, Brenner understood the relevance of crosscultural interaction in the language learning process.
Cognitive Resources. Cognitive resources are defined by what students bring to the
classroom from previous instruction and from home. Although there is documented research
about the importance of culturally specific mathematical knowledge, this idea has not been
widely accepted by the U.S. mathematics education community (Walqui, 1999). Different
cultures involve people in mathematical activities that provide support for the development and
use of a wide variety of differing mathematical skills. Because there are many strategies to solve
mathematics problems, instructors can enable ELLs to build from their existing cultural
knowledge base in mathematics (Walqui, 1999). The underlying assumption is that different
cultures provide members with different analytical tools and mathematical experiences.
Another way to view cognitive resources is through the instructional practices which
build on students’ background knowledge and meaning of mathematics. Researchers agreed
ELLs differ from native English speakers in classroom participation structures, previous
knowledge and experiences, ways literacy is valued, and cultural identity (De Jong & Harper,
2005). For Schleppegrell (2007), academic literacy is transitioning students from every day,
informal ways of construing knowledge into understanding a range of academic vocabulary in
context. It is important here to distinguish between two types of English language skills: basic
interpersonal communication skills and cognitive academic language proficiency (Cummins,
1979). Teachers need to translate back and forth between conversational English and the more
technical, academic language.
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In addition, teachers must understand the value of code switching for ELLs during
problem solving activities. Code switching is a process that alternates the use of two languages
in mathematical conversations (Moschkovich, 2018). ELLs often process information in their
home language before they are asked to translate it into English. Honoring ELLs’ first language
while simultaneously developing ELLs’ second language will communicate to students that
teachers support the inclusion of all students in all aspects of mathematical learning activities
(Wilkinson, 2018). Although mathematical concepts are abstractions that generally move from
one language to another, mathematics is often learned differently in other cultures. I provide a
list of cultural norms in Figure 1 that are important in relation to individual perspectives in the
transition process.
Social Organization. Social organization is defined as the comfortable and productive
participation for all students through consideration of a variety of possible roles, responsibilities,
and communication styles in the classroom (Walqui, 1999). There is evidence to suggest
participant structures in the traditional undergraduate classroom in the U.S. might differ in other
cultures (e.g., Elturki et al., 2019; Oudshoorn et al., 2019; Zevenbergen, 2000; Zhou et al., 2019).
ELLs might be uncomfortable in classrooms where students have opportunities to challenge or
correct instructors. Further, active learning, which gives students substantial autonomy, as
demonstrated by group projects or strong peer group relations, might make ELLs feel inadequate
because of language issues. The use of technology for homework and assessment might present
new challenges too (Elturki et al., 2019). These culturally based practices, which can develop
ELLs’ repertoire of mathematical knowledge, will require some academic adjustment.
How students perceived their ability to participate in class is directly tied to international
students’ academic challenges in American classrooms (Wu et al., 2015). Wilkinson (2018)
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observed that designing tasks which encourage participation and use of both oral and written
language is essential for effective mathematics teaching of ELLs. Mathematical tasks are the
types of questions, exercises, problems, and investigations that teachers bring into the classroom
(Durand-Guerrier et al., 2016). Although mathematical tasks play a vital role in teaching and
learning mathematics, the structure used for learning can make a difference. In other words, how
students engage in small groups or whole-class interactions influences how well ELLs transition
from social language to academic language. I demonstrate the social interactions that provide
support to international students in Figure 1.
Wilkinson (2018) advocated the importance of ELLs sharing their mathematical ideas
with others. Even students with less than perfect oral or written English can benefit from
engaging in effective communication with native English-speaking students. Peer interaction
between native and nonnative English speakers can promote language development (Kersaint et
al., 2013). Moschkovich (2018) reiterated students are socialized in mathematical activity by
their participation in the discourse practices within the classroom. Similarly, Brenner (1998)
addressed the issue of equitable practices and emphasized the importance of the many
connections among language, culture, and mathematics learning. International students’
perceptions of cultural content, cognitive resources, and social organization in mathematics
curriculum and instruction are integral to the transition process.
Researchers, who use constructivist and sociocultural perspectives in mathematics, shift
the focus of instruction from language development to mathematical content (Moschkovich,
2002). Researchers, who primarily focused on the K-12 school environment, have shown how
language and culture play a role in learning mathematics. With proper support in mathematical
discourse, ELLs use other resources to communicate mathematically and to learn mathematics in
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a second language. Communication is only possible to the degree that ELLs identify self
through their individual resources and find support through interactions with diverse others
within the classroom context. Hence, Schlossberg’s (1981) Transition Theory is a conceptual
framework to understand AUS’ perceptions of their transition to learn mathematics in English.
In the next section, I provide information about the degree to which international students are
adjusting, areas of difficulty, and strategies for success.
International Students’ Transition Experiences
Although all students undergo an emotional experience when they transition from
secondary school mathematics to university mathematics, it is important to consider how
international students navigate cultural and linguistic differences while studying mathematics in
the U.S. (Clark, 2019). “So far, there are very limited first year programs in American higher
education designed or customized for international students” (Yan & Sendall, 2016, p. 36). For
discussion purposes, I divided these studies into three areas: (1) academic needs; (2) academic
challenges; and (3) academic success. In his literature review, Andrade (2006) highlighted
adjustment issues and factors that affect academic achievement of international students in
English-speaking universities. I bring attention to his research throughout this section.
Academic Needs
“The needs of international undergraduate students have thus far outpaced the capacity of
researchers to provide university faculty and staff with evidence-based practices and
interventions to assist in their university transition and adjustment” (Brunsting et al., 2018).
Researchers’ attention to international student perspectives of academic needs is an attempt to
meet this gap in the literature (Caplan & Stevens, 2017; Kaur, 2019; Martirosyan et al., 2019;
Rabia & Karkouti, 2017; Tsevi, 2018). International students identified a greater need for
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supportive faculty, better awareness and use of support services, and sufficient time to complete
academic work (Andrade, 2006).
Rabia and Karkouti (2017) explored factors that facilitate the academic adjustment of 16
AIS at two universities in the Northeast of the United States. Twelve students reported the
importance of receiving academic support from tutors, which helped them understand course
content. International students stressed the importance of assistance from other international
students or friends with similar cultural backgrounds. International students also indicated that
they dedicate a great amount of time and effort in academic pursuits, as they set higher standards
and goals compared to local students. Five students noted that time is a key to academic success,
as it takes longer to finish assignments and to overcome language differences in course content.
In addition, in Andrade’s (2006) review of the literature, international students reported valuing
warm, friendly relationships with professors. In Zhou et al.’s (2019) study, international students
perceived that they connect better with professors who “use humor, value diverse cultures, use a
student-centered and encouraging approach, provide patient and responsive support, and
encourage close interaction with peers and the instructor” (p. 263).
In Tsevi’s (2018) study at a Midwestern research university in the United States, five
international undergraduate students revealed their survival strategies as they transition to higher
education. Although international students were overwhelmed by academic work initially, they
persisted by adapting to the new learning environment. International students perceived they
needed more time to read, complete assignments, and take exams. In fact, Caplan and Stevens
(2017) noted assessment problems often arise as a product of time, not content, since it takes
language learners more time to read questions on exams than U.S. students because of difficulty
with vocabulary. In addition, Tsevi (2018) indicated international students who “experience
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support and friendship from host country’s nationals adjust better in the foreign environment
than those who do not” (p. 1038). International students perceived faculty support and assistance
of others such as fellow students and success centers will improve their academic learning.
Hence, faculty should reach out to students who have linguistic challenges. Similarly, Andrade
(2006) advocated for peer study partnerships to build social networks.
Further, Caplan and Stevens (2017) surveyed 191 international undergraduates in a small
mid-Atlantic town in the United States and used the results from the survey to create open-ended
interviews with five international students. International students identified the need for
academic support in the form of more effective teacher-student interactions and more awareness
of support services. As language learners, international students need additional resources to
handle the academic load as they transition to higher education. To address this need,
Martirosyan et al. (2019) analyzed website content offered by the top 20 U.S. higher education
institutions with the greatest international student enrollment in 2016. Researchers described
specialized support services that attract international students to enroll in certain universities over
others. International students reported two areas of need which facilitate academic adjustment to
enhance college success: tutoring (not only in the form of drop in, face-to-face tutoring but also
online sessions) and supplemental instruction (peer assisted study sessions to improve student
retention). Andrade (2006) also suggested that tutors and small group seminars facilitate
academic adjustment.
Finally, Kaur (2019) focused on the academic experiences of six Indian international
students at a southern higher education institution in the United States to explore various factors
that influence their academic experience. International students perceived needs for studentinstructor relationships, additional time to meet assignment deadlines, and other resources
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besides textbooks. Elturki et al. (2019) supported these findings in their study of international
students in a pathway program in the United States. Forty pathways students identified three
specific linguistic and cultural needs which impact their academic experiences: understanding
lectures, finishing assignments on time, and building relationships with domestic peers.
International student perspectives can provide insights to university personnel on how to
specifically address these academic needs.
Academic Challenges
I examined international students’ perceptions of linguistic, cultural, and social
challenges as they transition to higher education in the United States in this section. Researchers
have documented the academic adjustments of international students related to these challenges
(Evans and Morrison, 2011; Gautam et al., 2016; Ortiz & Sriraman, 2015; Perry et al., 2012; Wu
et al., 2015). International students cited the most common academic issues to be related to
language differences, comprehension of lectures, class participation structures, and cultural
norms.
For example, Gautam et al. (2016) conducted in-depth interviews with 6 international
students in small town USA. They reported “language is considered one of the greatest
academic issues hindering smooth adjustment for international students” (Gautam et al., 2016, p.
3). Researchers concluded English language proficiency has the most significant impact on
academic success as well as social adjustment. In four of the studies, whether related to
academic or social adjustment, international students perceived language differences hindered
social engagement with teachers, friends, and other university personnel. Although the fifth
study is not related to student perceptions, Ortiz and Sriraman (2015) utilized faculty insights to
identify gaps in underrepresented students’ success in STEM fields at a Texas State University,
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which serves a largely Hispanic population. Although Hispanic students are not the population
of interest, they have language and cultural differences like all international students. Faculty
noted problems recruiting and retaining students into mathematics. Faculty perceived that large
class sizes, which limit relational experiences with students, and an unwelcoming classroom
environment, which discredits cultural belonging, resulted in student attrition in STEM fields.
Additionally, faculty expressed concerns over the challenge of making practical, real world
connections to fit every student.
Overall, international students need assistance with academic vocabulary, with oral
communication in class, with additional time, and with help seeking behavior. Evans and
Morrison (2011) explored language related issues that international students encountered during
the first term in English-medium institutions in Hong Kong. International students perceived
their biggest challenge was to learn how to deal with unfamiliar subject-specific vocabulary.
International students expressed frustration with their inability to understand key technical
vocabulary, and they perceived that faculty were oblivious to this deficit, which could undermine
the value of an entire lecture. Translating mathematical terms is one of those issues. Languagebased differences in notation are specific to mathematics, and it is critical to be aware of the
context of production of a notation for its understanding and use (Durand-Guerrier et al., 2016).
Wu et al. (2015) interviewed ten participants from different countries including China,
Taiwan, South Korea, Japan, Saudi Arabia, and Mexico to understand how international students
adapt at a university in the southernmost part of the United States. Researchers discovered
international students have difficulties in communicating orally in an academic setting. In
addition, international students are challenged to adjust to instructors’ different accents, rates of
speech, and pronunciation. Since speech is fast paced and delivered in multiple accents, learning
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is hindered by class participation and group discussions (Caplan & Stevens, 2017). Gautam et al.
(2016) provided additional insight into student-teacher interactions by noting that international
students lack comprehension with lectures given in English due to idioms, writing conventions,
and interpretations of meanings. Martirosyan et al. (2019) went even further to suggest
international students have difficulty meeting expectations of U.S. classrooms, as “language
challenges make it particularly difficult to engage in discussions and communicate effectively in
the classroom” (p. 176).
International students also reported that they feel segregated in the classroom. In Wu et
al.’s (2015) study, international students perceived being isolated in class, as classmates did not
invite them to participate in group discussions nor did they want to “make friends” with them.
Although international students reported that professors were nice, professional, and
approachable, they expressed difficulty communicating with them. In fact, in Kaur’s (2019)
study, international students thought it was difficult to communicate with instructors with their
questions and concerns since instructors were not readily available to help after class like they
were in India. International students noted the idea of making an appointment to talk to the
instructor during specified office hours was unlikely since they needed immediate answers to
their questions. Additionally, classroom participation structures were quite different in their
home countries. For example, Tsevi (2018) acknowledged all participants in her study were not
used to classroom dynamics that allow students to challenge professors. In fact, students in the
U.S. were more outspoken in class, and it was acceptable to interrupt a professor to ask a
question in class. The Indian students in Kaur’s (2019) study acknowledged that instructors are
the sole authority in class in their country.

49

Andrade (2006) concluded that English language proficiency and culture are the greatest
adjustment challenges. However, many international students perceived “that they could have
adjusted better and more quickly to the academic environment had their problems been
identified, understood and dealt appropriately” (Kaur, 2019). Providing adequate support and
timely assistance might lead to a positive academic experience for all international students.
Academic Success
Since both students and faculty default to language as an issue for international students
in university settings, it perpetuates the notion that academic literacy is equal to linguistic
competence (Caplan & Stevens, 2017). Researchers report mixed findings regarding
international students’ perceived success despite linguistic and cultural differences. Yet,
perseverance in face of adversity was a theme that emerged from the interviews. In several
studies of first-year international students, students perceived the first year a satisfying,
stimulating, and even exhilarating experience (Evans & Morrison, 2011; Yan & Sendall, 2016).
Andrade (2006) found learning strategies, motivation and/or background variables are factors
that promoted academic success. For instance, Martirosyan et al. (2015) explored the impact of
English proficiency on the academic performance of international students in north central
Louisiana in the United States. On a questionnaire, fifty-four randomly selected international
students indicated English language proficiency levels had a significant impact on academic
success. However, based on the literature review, researchers deferred to other factors that
determined academic success such as motivation, learning strategies, background knowledge,
and individual differences.
Besides the level of English proficiency, other strategies for success were noted in several
studies such as engagement in learning, educational background, and motivation. Caplan and
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Stevens (2017) concluded that international students perceived success through engagement and
integration. International students, who better understand the university system and classroom
expectations, are more likely to adapt to U.S. culture. Other strategies perceived to be effective
for success included positive relationships with professors, support from fellow nationals, and
emotional support from family (Tsevi, 2018). This contradicted previous studies that report how
international students were challenged to find comparable support systems in the U.S. such as
professors, family, and friends (Roberts & Dunworth, 2012; Smith & Khawaja, 2010).
Similarly, Evans and Morrison (2011) acknowledged that international students
overcome many of the linguistic and cultural challenges through a combination of strong
motivation, hard work, effective learning strategies, and supportive peer groups. Some
universities have established support programs to assist international students with their unique
challenges. Yan and Sendall (2016) evaluated a First Year Experience (FYE) course that was
customized for international students in a college setting. Nineteen international students, who
attended the program and completed a survey, reported that the FYE course provided a highquality exposure to diverse intellectual, social, and cultural perspectives which eased the
transition to college.
Overall, researchers concluded international students need linguistic and social support,
have academic challenges primarily related to language and cultural differences, and can succeed
with the proper support. Although many research studies have been conducted to investigate the
university experience of international students, a search of the literature, to date, has yielded few
studies on AUS’ experiences, especially in undergraduate mathematics. In the next section, I
will review research that offers further insights from Arab students about their unique adjustment
experiences in the higher education setting, especially as it relates to mathematics.
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Adjustment Issues for Arab International Students
Despite the existence of a substantial Arab population in U.S. higher education
institutions, research on their educational experience is lacking (Abukhattala, 2013). Clearly,
AUS will need time and support to adapt to classroom participation structures, to the use of
information and communication technology, to inquiry-based learning approaches, and to
interaction with faculty and students, as they navigate the regular features of the U.S. educational
system (Al-Hattami & Al-Ahdal, 2014). Arab students’ adjustment issues have been reported in
a considerable number of research studies (Abukhattala, 2013; Abunab et al., 2017; Al-Khaiyali
et al., 2018; Modir & Kia-Keating, 2018; Rabia & Karkouti, 2017). Although research-based
evidence of AUS’ adaptive experience is rather limited, I identify AUS’ academic challenges in
U.S. higher education in this section. I also explore certain aspects of their adjustment
experience that will relate directly to mathematics. Arab students have cited linguistic disparity,
cultural differences, and social distance as barriers which affect transition.
Linguistic Disparity
As with all international students, Arab students rank English language proficiency at the
top of their greatest challenge in the transition process (Abukhattala, 2013; Alqarni & Williams,
2018; Rabia, 2016). Abukhattala (2013) investigated experiences of ten Arab undergraduates in
two English language universities in Canada. Arab students perceived their previous knowledge
of English from their home country did not significantly help them succeed in the new
environment. They had learned vocabulary and grammar, but they were not taught
communicative skills. Additionally, they were unable to use vocabulary in real life situations to
communicate effectively with native speakers. In fact, students claimed formal learning took the
place of creativity in language class. “Students are expected to memorize someone else’s correct
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sentences instead of creating new sentences for themselves” (Abukhattala, 2013, p. 34). This
emphasis on decontextualized knowledge was a hindrance to learning in the two-way
communication that permeates classroom teaching in U.S. higher education. Arab students
perceived different language expectations from previous schooling, where they were accustomed
to a more passive approach of listening and writing down what the teacher says. Yet, AUS
reported favorably about pedagogy styles in higher education, which focus on the development
of critical thinking and improved communication strategies.
In a similar study, Alqarni and Williams (2018) surveyed 18 current Saudi international
students and interviewed 8 former Saudi international students at a state university in the U.S. to
investigate the challenges and barriers to success for these students. Students noted language
differences were confounded by American accents, the rate of speech, and slang vocabularies.
Saudi students reported difficulties with asking questions in class and performing group work.
Furthermore, students needed additional time to complete exams. For international students who
are nonnative English speakers, some questions were more complicated, which required more
time to break down the question, to understand it, and then to answer it.
In another study, Rabia and Hazza (2017) examined the factors that facilitate the
academic and cultural adjustment of 16 Arab international students enrolled at two U.S.
universities in the Northeast. The researcher noted Arab students are trained to listen attentively
to grasp the topic of a lecture in their home country, but in some American classrooms,
discussion can take the place of lecture. Students expressed difficulty in keeping up with the
lectures because so many of the terminologies were foreign to them and perceived that
understanding anything from a discussion was a major task. Another group of researchers
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suggested that Arab students often perceived being singled out in class because of their inability
to express themselves in English (Abunab et al., 2017).
Language both reflects and shapes an international student’s view of the world. When
people from different linguistic backgrounds cannot meet every-day needs, they will experience
stress. Abukhattala (2013) suggested stress arises when “they are unable or find it difficult to
communicate; they cannot make themselves understood; they cannot figure out why hosts speak
or behave the way they do” (p. 32). Arab students recognized adjustment to these educational
methods is largely their responsibility, so they dedicated considerable time and energy to
participate in academic activities and to learn to communicate more effectively.
Cultural Differences
Arab-Muslim international students must balance the new education system with their
extremely religious centered and restrictive cultural practices (Abunab et al., 2017). Since there
is a big difference between the religious and sociocultural practices in the United States and
those in Arab countries, several researchers addressed issues pertaining to AUS’ challenges, as
they navigate learning in a new country (Abukhattala, 2013; Abunab et al., 2017; Al Khaiyali et
al., 2018; Lefdahl-Davis & Perrone-McGovern, 2015; Rabia & Hazza, 2017; Rabia & Karkouti,
2017).
Abunab et al. (2017) explored how Arab-Muslim international students adjust in a nonArab, non-Muslim country. Although these students studied in universities in the Philippines,
they were required to understand both the Filipino and English languages. The researchers
described the lived experiences of 17 Arab students’ academic and social lives with data from
observations, focus groups and individual interviews and then provided recommendations for the
university to support them. Arab society is traditionally conservative and expects conformity
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from its members, so students positively reported feeling less restricted and dependent in the new
culture. Males and females were not educated together in their home country, so cross-gender
interactions in other educational systems are problematic. In fact, it is not acceptable in Arab
culture to have relationships between men and women unless they are engaged (Rabia & Hazza,
2017). This separation between sexes in schools even exists between teachers and students.
Furthermore, during Ramadan (fasting month for Muslims), males are not permitted to look at
females; religion greatly influences day-to-day living in all Arab countries.
In a study related to public gender integration, Lefdahl-Davis and Perrone-McGovern
(2015) explored adjustment experiences of 25 Saudi women who were attending colleges and
universities across the United States. Many Saudi women responded about differences between
the role and treatment of women among the two countries. Even though Saudi women are not
allowed to travel overseas without a male companion such as husband or brother or other family
member, they experienced isolation and loneliness. However, Saudi women talked positively
about learning to live independently because they had more freedom and decision-making
opportunities. Additionally, several Saudi women expressed being more open-minded and
tolerant of people with different beliefs. Although Americans think Arab women are mistreated
and oppressed in their culture, Saudi women believed “dress regulations and gender segregation
in public are about purity and protection for women” (Lefdahl-Davis & Perrone-McGovern,
2015, p. 425). They usually wear head coverings (hijab) or full body coverings (burqa). This
study is important since Saudi women’s experiences are largely underrepresented in past
research. In fact, before 2005, few Saudi women were permitted to study in the United States.
Yet, Saudi women have specific educational goals, which means they must adjust to taking
classes taught by male professors and to being in classrooms with male students.
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Abukhattala (2013) addressed other cultural challenges of Arab students. In Arab
countries, the educational system is test driven and teacher centered. Criteria to enroll in certain
academic disciplines at the university level is delineated by the government and is determined by
exam scores. Arab students experienced negative consequences by placing greater emphasis on
passing exams than on understanding the content. Arab students rarely pursued learning for the
love of learning as test-taking strategies prevailed over study skills. Hence, there was a strong
temptation for Arab students to cheat. Arab students reported feeling challenged by teachers in
their home countries; teachers deceived students with vague questions on examinations to
compete with their students. In contrast, students reported favorably to pedagogical styles in
their Canadian classrooms. For example, AUS perceived a student-centered approach to learning
allowed them a better understanding of the subject. Professors encouraged creative thinking, and
students were included to participate, discuss, argue, and ask for more explanations. However,
some Arab students perceived the informality and lack of respect shown by domestic students
toward professors to be a cultural barrier (Rabia & Hazza, 2017).
Similarly, Al Khaiyali et al. (2018) observed and analyzed surveys from 40 Arab ESL
(English as a Second Language) learners, who reported topics studied in the textbooks required
some degree of cultural adaptation to understand everyday experiences living in the U.S. Arab
students come from a group or community-oriented culture, so they found it unusual to study for
long hours on their own. In addition, Arab students preferred to be corrected for pronunciation
mistakes, so they could improve their language skills. They needed space and time for their
prayers, which is a big part of their everyday lives. Finally, Arab students expressed
embarrassment about class participation in mixed-gender classes.

56

Cultural adjustments are necessary for Arab students who study in the United States.
Learning styles and study habits are different. Educators can assist the Arab students’ transition
to the new educational system by understanding Muslim culture and by becoming aware of
different learning styles and other frustrations in the adaptation process. Arab students perceived
that if college professors understood these cross-cultural differences, then they might encourage
and help students adapt to the new academic environment (Rabia & Hazza, 2017).
Social Isolation
Because of language and cultural barriers, Arab students perceived creating friendships
with local students was quite challenging. In fact, some Arab students avoided interacting with
native students out of fear (Rabia & Hazza, 2017). Yet, other students claim they limited
relationships with members of their host society to have time for classes and for coursework.
Isolation is an emergent theme in the literature when Arab international students discussed their
obstacles for learning in the United States (Abunab et al., 2017; Al Khaiyali et al., 2018; Rabia &
Hazza, 2017; Rabia & Karkouti, 2017). Modir and Kia-Keating (2018) conducted a qualitative
inquiry of 25 first and second-year Middle Eastern Americans at a public university in California
to explore discrimination, adjustment, and coping. Although these students grew up and were
educated in the U.S. prior to their tertiary education, they experienced discrimination on college
campuses in the U.S. because of race. Participants used the discrimination experiences as
motivation to succeed by choosing traditionally prestigious career paths such as physicians,
lawyers, and teachers, but they still encountered certain negative stereotypes. They blamed the
experiences on cultural ignorance; the community lacks knowledge about the Middle East and
brands Arab people as an unscrupulous culture characterized by debauched reputations, immoral
activities, and cruel social involvements (Abunab et al., 2017).
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Entering college has been identified as an important transition for young adults. In the
literature, this developmental period is defined as emerging adulthood and is represented by
newfound independence, identity exploration, and educational pursuits (Modir & Kia-Keating,
2018). Researchers utilize Tinto’s model (1993) of student persistence to underscore the
significance of academic and social assimilation. In much of the research, Arab students
reported little interaction with American classmates outside of class. In fact, Arab students
perceived “Americans don’t like to help either because they don’t have time or because they
grew up like this” (Rabia & Hazza, 2017, p. 137). Arab students experienced personal
disorientation when moving to a new social environment, and cultural disparity, with different
values, inherent behavior patterns, and distinct means of communication, compounded the issue.
Furthermore, Arab students restricted communication to other Arab classmates, fellow Arabs at
the university, Arab members in local mosques, and Arab community centers. Yet, positive
cultural contact has been linked to favorable attitudes about academic progress, adjustment, and
the American people (Al-Hattami & Al-Ahdal, 2014).
One final study is a follow-up to previous research conducted by Rabia and Hazza (2017)
at two universities in the Northeast. Rabia and Karkouti (2017) explored factors that enhanced
persistence with 16 Arab international students. Arab international students’ responses reflected
the importance of minimizing social distance in higher education classrooms. Students reported
that friendship support received from other international students, student success centers which
facilitated learning course content, supportive faculty who encouraged and assisted in
participation, and sufficient time to overcome academic difficulties were the critical factors that
motivated them to excel and persevere in a U.S. university.

58

Researchers have shown that social support is vital to academic success for international
students, not just Arab students (Brunsting et al., 2018; Caplan & Stevens, 2016; Tsevi, 2018).
However, Arab students face specific challenges related to their language and culture. Melius
(2017) examined the lived experiences of Saudi students at a Southeastern institution in the
United States to learn about how they are perceived by domestic students and instructors. Saudi
students perceived misunderstandings that lead to negative generalizations and discrimination
from faculty and students. Researchers identified five themes from the Saudi students’
experiences: religion, appearance/clothing, language, media, and culture. Finally, “international
students confront an array of cultural adjustments, but the responsibility is often left to the
student to ‘adjust’ or ‘adapt’ to the host culture rather than for institutions to understand and try
to accommodate their unique needs” (Melius, 2017, p. 36).
The Role of Language and Culture in Learning Mathematics
“The transition from school to university mathematics has received increased attention in
recent years in a variety of contexts outside of the United States, which has been precipitated by
mathematicians’ decades-long lament about undergraduate students’ lack of knowledge upon
entry at university” (Clark, 2019, p. 30). In other words, what students have learned and how
they have learned it in secondary school mathematics changed drastically at the university level.
Not only did international students face the same gap in knowledge as is common to domestic
students, but they experienced linguistic and cultural differences that impacted mathematics
learning. The intersection of language, culture, and social distance best explained the
international students’ challenges to learn undergraduate mathematics in English. Yet, “research
has found that students who have a high level of proficiency in their first language and who
develop a similar level of proficiency in the classroom language tend to outperform monolingual
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students in mathematics” (Sharma, 2018, p. 108). Most research about the role of language in
learning mathematics has been conducted at the elementary and secondary level, and there is
little research in the field on multilingual (including bilingual) adults’ learning of university
mathematics. “Indeed, university level teaching should draw on what is known from research at
the secondary level” (Durand-Guerrier et al., 2016, p. 100). International students’
undergraduate mathematics performance is influenced by many factors. In the first area of
research in this section, I identify linguistic experiences that are viewed as helpful or problematic
to international student transition to learn undergraduate mathematics.
The Role of Language
Bill Barton and Pip Neville-Barton (2003) published a landmark study about language
issues of university students in undergraduate mathematics. In three separate research studies,
researchers investigated whether ELL students understood and achieved differently in
undergraduate mathematics than domestic students. The purpose of the first study was to figure
out where the differences might exist. The researchers selected 80 first-year undergraduates in
New Zealand, who volunteered for the study, and gave them a 30-minute test that consisted of
four mathematics questions. The researchers analyzed their responses based on five modes of
communication: general English text, mathematical technical text, symbols, diagrams, and
graphs. Researchers discovered a 19% difference in understanding between native speakers and
ELLs due to the deficit in textual understanding, which resulted in a 10% disadvantage in overall
performance. However, researchers concluded ELLs’ reliance on symbolic, diagrammatic, or
graphical understanding in first-year undergraduate mathematics courses might have
compensated for the lack of textual understanding.
Barton and Neville-Barton’s (2003) second study utilized a large, convenience sample
(nearly 400 students), authentic test items, and a self-reported instrument to improve data on the
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understanding of mathematical text. Undergraduate students in two undergraduate mathematics
courses in New Zealand self-reported their level of understanding of the test questions on a
normal mid-course exam. The ELLs reported a higher level of understanding for technical
questions than contextual questions, but in similar response patterns as the native speakers.
Researchers concluded ELLs might be better mathematicians than native speakers or might have
prepared more for the mid-course exam. One limitation of this study was the use of self-report
data, as ELL students might not want to appear ignorant by reporting that they misunderstood the
question. Researchers hypothesized that there are differences in mathematical ability which
could mask results. Another limitation to the study was researchers’ inability to measure the
total disadvantage due to language differences.
In a third study, the same researchers targeted specific language features that cause
difficulty in upper levels of undergraduate mathematics. Barton and Neville-Barton (2005)
hypothesized students would develop more language fluency over time because of increasing
conceptual mathematical content. Researchers examined 3rd year undergraduate level students
in a complex analysis course to identify language features that challenge students. Initially,
researchers used classroom observations to single out apparent language difficulties. Then,
researchers analyzed regular class assignments, organized a series of interviews to understand
the complexities of language proficiency in advanced mathematics, and constructed a
questionnaire with a wider group of students. To measure English competency, researchers used
the University of Auckland Diagnostic English Language Needs Assessment (DELNA).
Classroom observations provided the opportunity to describe the overall role of lectures
in higher mathematics. Lectures in lower levels of mathematics were characterized by close
adherence to text or course notes, performance of calculations or showing procedures, and
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defining, linking (examples), and illustrating (visual clues) problems. However, lectures in
advanced levels of mathematics were distinguished by mathematical discourse that became
denser, as technical vocabulary became more complicated. For example, listening tasks are more
demanding, as the roles of definitions, axioms, and theorems in mathematical argumentation
become more prevalent. Barton and Neville-Barton (2005) noted “logical statements become the
essence of mathematical meaning, not just a way of describing mathematical relationships.
In the final phase of the third study, 53 EAL students and 8 English LI students took a test of
language-based mathematics. The questions on the test were designed to test the effect of the
density of mathematical discourse such as the use of multiple adjectives, the syntax of sentence
structure, and logical complexity. While the L1 students demonstrated almost perfect results, the
EAL students experienced challenges with the language requirements at third year level.
Durrand-Guerrier et al. (2016) later reported on Barton’s and Neville-Barton’s findings to
describe the specific forms of lexical challenges in university mathematics and used case studies
to provide concrete examples of the variety of multilingual contexts at the university level.
Researchers explored why ELLs’ success in first-year mathematics courses did not continue in
the 2nd and 3rd year. The authors acknowledged first-year courses are repetitive, confirmatory,
and predictable, and students’ success was less dependent on natural language capabilities.
Lecturers usually followed a textbook or course notes closely and generally performed
calculations or procedures. In this case, lecturers wrote down what they were speaking, and
students had visual clues to help them understand. Yet, ELLs, who were not fluent in the
English language by the 3rd year, faced new difficulties in advanced levels due to the theoretical
nature of the mathematical content. The lectures and texts used in advanced mathematics
courses are one-off explanations and require logical trains of reasoning that can be adapted to
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new situations (Durrand-Guerrier et al., 2016). Authors suggested more effort to support these
ELLs with first language tutorials or in earlier shifts of instructional language. This might be
accomplished with early interventions, such as specific mathematical English additional courses.
Ferrari (2004) provided a similar perspective in his scholarly paper about the role of
language in mathematics learning at the college level and emphasized the important link between
communication processes and the development of thinking. He noted “languages are regarded
not as carriers of pre-existing meanings, but as builders of the meanings themselves” (p. 383). He
acknowledged how few opportunities exist at the college level to implement long term
mathematical practices that improve linguistic skills. In his analysis of learning problems in
mathematics for Italian Science freshman students, the researcher highlighted four specific
sources of trouble. First, the verbal component of learning cannot be understated. Students need
to recognize the difference between conversational and academic language. Second, there is
more to interpreting a text than using vocabulary and grammar; interpretation requires a
consideration of the context. Third, interpretation is a cooperative enterprise that involves the
performance of inferences and the recognition of essential elements. Fourth, isolation of single
expressions, without taking into consideration the full text, can be troublesome. Ferrari (2004)
concluded that linguistic resources should be exploited as a tool to describe and justify
procedures to gain mathematical reasoning. “Discussions between students, at any age level,
play a major role, as they provide some of the simplest teaching situations satisfying the
conditions stated above” (p. 389). A final recommendation for instructors was to provide a
variety of semiotic systems (verbal language, graphs, formulas, tables, etc.) with information
technology that will allow students to communicate mathematics through interpretation,
comparison, and conversion.
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To highlight the impact of literacy skills on mathematics learning, Prendergast et al.
(2016) investigated the effect of Project Maths on international students who do not speak
English as their first language. Project Maths is an educational reform of Irish higher education
that was implemented to change what students learn, how students learn, and how students are
assessed in undergraduate mathematics. It was designed to maintain an appropriate balance
between students’ theoretical and conceptual understanding of mathematics and students’
development of practical application skills. All 41 study participants spoke Arabic as their first
language and were natives of either Saudi Arabia or Oman. In the quantitative portion of the
study, researchers compared student scores from the Project Maths style examination, which had
a heavy emphasis on English language in problem solving and applications, with their scores on
a traditional style mathematics examination, which was based on mathematical procedure and
skill with the removal of any context or language. There were significantly different mean
scores on both exams, with students performing higher on the traditional style examination.
Researchers concluded students might have excellent mathematical ability, but if they cannot
effectively communicate their knowledge and understand the language in which they are taught
and assessed, then students’ prior numeracy skills are futile.
“To sum up, contrary to popular belief, the study of advanced mathematics is indeed
sensitive to language matters, and language diversity can impact the learning of a large number
of mathematics students across the world” (Durrand-Guerrier et al., 2016, p. 100). If educators
recognize the importance of mathematics discourse, they will rethink its teaching. To illustrate
this idea, Lesser and Winsor (2009) conducted an exploratory case study to address ELLs’
challenges in introductory statistics at a university near the United States-Mexico border.
Although the participants were preservice teachers whose first language is Spanish, researchers
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illuminated examples and factors that interfere with ELLs’ ability to distinguish between
everyday language and academic or mathematical language. The first main theme was
movement among registers. Sometimes ELLs might understand the words individually, but not
as they are grouped together in phrases. In other words, ELLs need to make connections of
words that have different meanings in everyday language and mathematical language. The
researchers recommended teaching practices such as giving wait time, emphasizing the statement
or setup of a problem, supplying multiple terminology for one concept, providing vocabulary
activities, and utilizing group work. The second main theme was the role of context.
Participants struggled to understand concepts and complete problems when they did not
understand the context. Hence, ELLs need instructors to draw a picture of what the question is
asking to guide their understanding of the problem. Researchers suggested teaching practices
such as contextualizing instruction, having multiple modes and representations, and highlighting
multiple contexts for one word.
Researchers have shown that international students face a transition to learn mathematics
in English (Barton & Neville-Barton, 2003; Durrand-Guerrier et al., 2016; Ferrari, 2004).
Although first-year experiences can lead ELLs to believe language will not hinder their success
in undergraduates, scholars have realized competency in the second language, or, in this case,
English, does not necessarily contribute to competency in the mathematics specific language in
advanced courses (Riordain et al., 2015). Clearly, the intricate competency between language
and learning mathematics is highly complex. Riordain et al. (2015) concluded this area of
research, especially for adult learners, is an important and neglected issue. In the second area of
research in the section, I identify cultural issues that influence international students’ transition to
learn undergraduate mathematics in English.
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The Role of Culture
“Engagement and motivation are integral parts of ensuring the academic success of
diverse students” (Acosta & Sanczyk, 2019, p. 45). Mathematics teaching and learning at the
college level that attends to cultural diversity can reinforce meaningful engagement in authentic
mathematical practices (Lesser & Winsor, 2009). Researchers have shown the link between the
role of culture in teaching and intrinsic motivation to learn. Instructors can address cultural
differences by understanding student diversity in terms of race, ethnicity, class, gender, religion,
and family. Acosta and Sanczyk (2019) noted that not enough is being done at the college or
university level to address the role of culture in teacher preparation programs.
Literature on the role of culture in teaching and learning undergraduate mathematics is
not extensive. Researchers have started to recognize the diverse backgrounds of students
entering undergraduate mathematics, and it is imperative for educators to become aware of
equity issues in teaching and in content that is being delivered (Lesser & Winsor, 2009;
Oudshoorn et al., 2019; Sharma, 2018; Zevenbergen, 2001). Four specific ideas are mentioned
in the literature: interaction (cross-cultural communication), context of problems (cross-cultural
knowledge base), technology (cultural-relevant curricula), and group work (learning
community). International students’ perceptions of learning are enhanced by this type of crosscultural instruction (Zhou et al., 2019).
Cross-cultural communication. Zevenbergen (2001) wrote a scholarly paper about the
changing contexts in collegiate mathematics to inform educators about how students’
backgrounds impact mathematics learning, and further, “there are skills needed to unpack the
communicative context of instruction” (p. 20). He argued international students must crack the
code of the cultural aspects of instruction. For example, the unspoken rules of interaction within
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the classroom must be made explicit. Researchers have raised the issue in the context of women
in undergraduate mathematics classrooms. Women perceived teaching styles and classroom
interactions to be very masculinist and exclusory of women. Hence, different expectations and
roles for diverse groups (i.e., international students) in the classroom can pose potential issues
for social interaction. Zhou et al. (2019) found international students at all levels endorsed
multi-modal learning environments with a combination of traditional lectures and interactive
methods. International students also liked daily homework to review what they learned in class.
Cross-cultural knowledge base. Furthermore, there has been a progressive movement
in mathematics to demonstrate its relevance to the real world or to situations that may be
encountered by students. Such contextualizing gives meaning to the students but is highly
problematic for both mathematics and students. Not only do international students report issues
about readability of word problems due to high lexical difficulty, but it is further compounded by
the context of the application itself. “Many middle-class and Western values are embedded in
this type of problem” (Zevenbergen, 2001, p. 22). Additionally, Sharma (2018), who reported on
research conducted in three New Zealand Year-12 statistic classes dominated by ELLs,
addressed findings from teacher reflections about the struggle to use real-life contexts to
maximize learning outcomes. Teachers in this study recognized the importance of making
connections to the life experiences and cultures of their students. An engineering student in
Zhou et al.’s (2019) study remarked about the importance of experiential and applied learning.
Additionally, Bergey et al. (2018) concluded best teaching mathematical practices enable ELLs
to make stronger connections between classroom learning and their everyday lives.
Cultural-relevant curricula. Another issue that confounds international students is the
increased focus on computer-based learning environments such as graphic calculators and web-
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based assignments and assessments (Zevenbergen, 2001). Many students, especially
international students, have not been exposed to technology-rich classrooms that might impact
early learning outcomes in undergraduate mathematics in the United States. Educators cannot
assume certain background knowledge with the technology and software. On the other hand,
technology allowed international students the flexibility to complete assignments and to receive
additional academic support as their schedules permitted (Bergey et al., 2018).
Learning community. In another study, Oudshoorn et al. (2019) explored challenges
faced by international students in computer science programs at several focus institutions,
including 3 institutions in the United States. To understand student perspective, researchers
surveyed over 200 international students about their international education experience and
discovered “differences in cultural norms and practices still play a significant role in their
success in computer science programs as is evident in their academic activities such as group
formation and assignments” (p. 8). Researchers explained the importance of international
students sharing cultural experiences with domestic students, and they recommended
participation in group projects, which integrated native and international students. As
demonstrated in the ELL literature, a sociocultural approach to learning is beneficial to
international students (Lesser & Winsor, 2009). In fact, cooperative learning in small group
discussions is more appropriate for more conceptual tasks (Moschkovich, 2018).
“Few instructors have received formal training for intercultural learning or inclusive
education” (Zhou et al., 2019). Mathematics teaching that is adapted to cultural practices is
believed to result in high levels of student learning. Mathematical practices that incorporate
international students’ language, culture, and community provide equitable opportunities for
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student learning. The role of language and culture in learning undergraduate mathematics should
never be viewed as a limitation, but rather as a resource (Sharma, 2018).
Summary
Researchers have shown international students, who are English language learners, need
special attention to adjust to the role of culture and language in mathematics instruction to
improve their academic performance. The growing body of literature on international students’

academic challenges associated with higher education in the United States does not disseminate
information on students’ perspectives of learning undergraduate mathematics in English.
Further, “many researchers have described mathematics as a language in itself” (Ledibane et al.,
2018, p. 2). Much of the literature is focused on international students’ adjustment experiences
at English-speaking universities. The review of international students’ needs, challenges, and
successes helped to set the study into a larger context of research on preparing international
students for the transition to higher education in the United States. The literature on AUS has
informed the necessity for intervention to support the cultural and language differences in the
classroom. By better comprehending AUS’ transition to learning undergraduate mathematics
in English, higher education institutions can dismantle the barriers to acculturation and provide
equitable learning environments. Academic and social environments in the U.S. may be
significantly different from students’ home countries. There is some literature to suggest that
mathematics education is experienced differently in other cultures. Cultural background and
language must be utilized as a resource to participate fully in collegiate mathematics, which
prepares students for a full range of careers. Reflection on the cultural and social dimensions of
mathematics will influence future teaching and learning of mathematics in a dynamic and
globalized modern society (Rosa, 2015).
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The United States is one of the leading destinations to pursue higher education for
international students. In fact, the U.S. is one of the largest host countries and boasts a 22%
share in the global higher education market (Martirosyan et al., 2015). With this increasing and
significant international student population, it is important to improve the undergraduate
mathematical experiences of AUS to enhance educational outcomes and to keep the U.S. as a
leading postsecondary destination. In this chapter, I synthesized literature about international
students’ transition experiences in higher education. I discussed the role of language and
culture in learning undergraduate mathematics and drew from constructivist, sociocultural, and
adult learning theories to present a framework for understanding international student
perspectives. This is significant because I did not find any studies that provide undergraduate
mathematics teachers with a list of possible combinations of instructional strategies and
information technologies, which could be used as a tool to improve mathematics learning for
language learners (Vazquez et al., 2018).
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Chapter 3: Methodology
In this chapter, I describe the research design and method pertinent to this qualitative
inquiry. I provide a brief introduction at the beginning of the chapter to explain the goal of my
study. Then I give a rationale for the research design, a representation of the setting and the
participants, and a description of the measures for data collection and of the data analysis
techniques for the study. I end the chapter by addressing the ethical considerations and
limitations of the study.
Introduction
First-year students experience some level of adjustment in undergraduate mathematics, as
they transition to higher education (Caplan & Stevens, 2017; Kaur, 2019; Martirosyan et al.,
2019; Rabia & Karkouti, 2017; Tsevi, 2018). However, international students, who come from
different language and cultural backgrounds and study in the United States, have additional
challenges to overcome. For example, Arab undergraduate students (AUS), who learn
mathematics in English for the first time, must adapt to issues of language specific vocabulary,
multiple meanings in context, and discourse and syntax patterns, while simultaneously learning
to communicate in English. Further, international students from different communities bring a
collection of multiple and varied mathematical practices from their international contexts. Thus,
there is a period of adjustment required for AUS to learn mathematics in a new culture and in a
new language (Abukhattala, 2013; Abunab et al., 2017; Al-Khaiyali et al., 2018; Modir & KiaKeating, 2018; Rabia & Karkouti, 2017). In this qualitative study, I explored factors AUS
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perceived as facilitating and obstructing their transition to learn mathematics in English in the
United States.
Methodological Perspective
One important aspect of social science research is that the methodological approach for
the study must align with the research question, or questions (Rog & Bickman, 2008). I devised
two primary research questions for this study. I wanted to explore and to describe how AUS
perceived their challenges and supports to learn mathematics in English in the United States. I
employed an exploratory descriptive qualitative design to collect and analyze the data.
Researchers who conduct a qualitative inquiry are interested in exploration, discovery and
induction (Kohlbacher, 2006).
Four characteristics common to all methods of qualitative inquiry are the focus of the
study, the researcher’s role, the process, and the product (Merriam & Tisdale, 2016). The goal is
to understand the phenomenon of interest in a particular context (Rog & Bickman, 2008). In a
qualitative study, researchers are interested not only in the physical events and study
participants’ behavior, but also how the participants perceive the experience (Maxwell, 2008).
Maxwell (2008) acknowledged the relationship between the researcher and the participant can be
complex and changeable. In fact, the relationship can have such a profound effect on my state of
mind that it will affect me as the “research instrument.” The process is inductive as researchers
take bits and pieces of information from interviews and observations to generate themes and
categories (Merriam & Tisdale, 2016; Patton, 2015). Finally, the product is a rich description of
what the researcher has discovered about the phenomenon (Rog & Bickman, 2008; Magilvy &
Thomas, 2009). I drew from the philosophies of social constructionism to guide my
interpretation of AUS’ transition to learn mathematics in English. For instance, “a
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constructionist would seek to capture diverse understandings and multiple realities about
people’s definitions and experiences of the situation” (Patton, 2015, p. 122). In other words, a
constructivist emphasizes that knowledge and understanding are uniquely constructed by
individuals. Social constructivists, on the other hand, emphasize how cognitive functions are the
products of language and social interactions. Hence, I did not search for a singular or universal
explanation of the phenomenon of interest.
A Priori Questions
The following two A Priori questions guided my inquiry:
(1) In what ways do two Arab undergraduate students perceive their challenges to
learn mathematics in English in the United States?
(2) In what ways do two Arab undergraduate students perceive their supports to learn
mathematics in English in the United States, both in and out of the classroom?
Exploratory, Descriptive Study
Researchers utilize qualitative methods to approach fieldwork without being
controlled by predetermined categories. The advantage of qualitative inquiry is to contribute
to the depth, openness, and detail of a certain phenomenon (Patton, 2015). Rather than
measuring phenomena, the purpose of qualitative research is to “explicate the behaviors,
rituals, language, symbols, values, and social structures of a particular group of people to
understand the culture of that group of people” (Newman et al., 2003, p. 179). I used an
inductive approach to allow meaningful dialogue to emerge, without predetermining what
the patterns in the cases would be.
Most qualitative designs share similar traits. For example, a true qualitative inquirer
does not begin with a hypothesis. Rather, researchers use qualitative data to develop
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theories or hypotheses. Of course, qualitative researchers bring their own specific
knowledge bases to the study. Holloway and Brown (2016) proposed the strength of
qualitative research is derived from its inductive approach, its focus on a specific group of
people, and its emphasis on words. Qualitative researchers must understand the
circumstances and settings, in which the data are collected and analyzed, to derive meaning
that emerges through contextualization. That is, the researcher must be able to understand a
particular context by relating to its data and the participants. In other words, I was the
primary instrument, and I spent a significant amount of time with the research participants in
their natural setting. Since I taught AUS in an English Language for Mathematics (ELM)
class for three years, I developed an understanding of the academic, cultural, and social
context, which influenced my beliefs and behaviors. In fact, Maxwell (2008) observed “the
touchstone of your own experience may be more valuable an indicator for you of a
potentially successful research endeavor” (p. 221).
Rationale for the Research Design
According to Rog & Bickman (2008), “The design serves as the architectural blueprint of
a research project, linking design, data collection, and analysis activities to the research
questions, and ensuring that the complete research agenda will be addressed” (p. 11). I selected
an exploratory, descriptive study for my research design. The design I chose was appropriate for
the study, as it created an opportunity for me to develop an in-depth understanding of AUS’
perceptions of the language and cultural issues involved in learning mathematics in English, as
well as the social support and coping strategies that allowed them to transition into this new
context. Arab undergraduate students experience unique challenges when learning at U.S.
postsecondary institutions, but little is known about their transition to learning mathematics in
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English (Rabia & Hazza, 2017). Researchers employ an exploratory study as preliminary
research to clarify the exact nature of the phenomenon (Patton, 2015). Additionally, researchers
utilize exploratory methods to interpret and analyze constructs that can even lead to the
development of a new theory. Maxwell (2008) argued the purpose of an exploratory study is to
identify unanticipated phenomena and influences to generate new theories. Although it is
evident that most qualitative research shapes or modifies existing theoretical frameworks,
researchers can explore phenomena to expand the knowledge base (Merriam & Tisdale, 2016).
Magilvy and Thomas (2009) noted “qualitative descriptive design facilitates a
comprehensive summary of an event in the everyday terms of those events” (p. 299). I utilized
the exploratory, descriptive study to provide a clear description of how AUS’ transition to
mathematics as it naturally occurs, to delineate the process (not the outcome) of how AUS’ make
meaning to their participation and learning of mathematics in English, and to describe how AUS
interpret their experience, as opposed to studying the effects of the phenomenon or intervention
(Rog & Bickman, 2008; Merriam & Tisdale, 2016). Other qualitative methodologies were
considered for the study, but the exploratory, descriptive study was most appropriate given the
nature of the research question and lack of research available that explored the phenomenon.
Representation of Setting and Participants
Setting
Rog and Bickman (2008) suggested site selection was an integral part of the design/data
collection decision. The site for this study was a large public research university located in the
southeast region of the United States, which offers Baccalaureate, Masters, and Doctoral
programs; it is one of the most diverse universities in the nation, with students from more than
145 countries (University System Facts, 2018-2019). Roughly 10% of the student population is
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international. About a quarter of the university’s international students matriculate from the
pathway program. The pathway program, which is sponsored by a corporate entity, is one of a
growing number of such programs in the United States. In fact, the oldest for-profit pathway
programs in the United States are less than a decade old. The program is offered to international
students to take credit-bearing academic and English as a second language courses despite
standardized English language test scores that fall below minimum thresholds required for direct
admission to the university. With the continuing expansion of these programs, international
students have an opportunity to enroll in universities in the United States through a “backdoor”
(Elturki et al., 2019). Hence, I determined the setting for this study by the nature of the inquiry.
Considering all the above facts and the strong focus of the university on international
recruitment, especially in conjunction with the pathway program, I found the institution to be an
appropriate setting.
Participants
“Care must be especially used in defining exactly who is eligible to participate in the
study” (Rog & Bickman, 2008, p. 31). The participants in this study were part of a special
population defined by membership in a specific group during a prescribed time. Arab students
generally comprise a significant portion of the total Academic English (AE) population at the
university. The AUS, who were previously enrolled in the AE program, had just completed the
Pathway program at the university in the summer of 2020. I initially met the participants while
teaching them in the English Language for Mathematics (ELM) class, which is an elective class
in the AE program. I developed a rapport with the participants, as I engaged them in meaningful
dialogue over the course of one semester at the university. Since I taught many Arab students in
the ELM class and witnessed firsthand the transition experience to mathematics in English, I
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chose AUS as the target population for the research study. Therefore, all study participants met
the following criteria:
o They were first-time students in the United States.
o They participated in the ELM course taught by the researcher.
o They matriculated from level 4 of the Academic English program into Pathway.
o They recently completed two semesters in a pathway program at the university.
o They are currently full-time students enrolled in undergraduate mathematics at the
university.
o They signed the informed consent, approved by the Institutional Review Board (IRB).
Research Instruments
Patton (2015) noted qualitative researchers gather high-quality information from
participants through in-depth, intensive interviewing, as they seek to make meaning of
perceptions, feelings, experiences, and knowledge of people. As thematic structures and
overarching constructs emerged in the data analysis, the researcher keeps returning to
interview transcriptions to fully illuminate the case descriptions. For that reason, the
measurement instrument for this study was the interview. Interviewing in qualitative
investigations is more open-ended and less structured, since the researcher and participant
are engaged in a conversation with purpose and data are reflective of a person-to-person
encounter.
Patton (2015) acknowledged “open-ended questions and probes yield in-depth
responses about people’s experiences, perceptions, opinions, feelings, and knowledge” (p.
14). Socio-cultural and educational issues can be investigated by delving into the concrete
experience of individuals. Interviewing is an ample method of inquiry to understand these
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perceptions (Seidman, 1998). The main research instruments in this inquiry were three
virtual, semi-structured, in-depth interviews and a researcher reflective journal. In
qualitative interviewing, it is common to conduct several interviews with one participant to
triangulate data and to develop a rapport with the participant (Seidman, 1998).
Interview Data
I conducted three virtual interviews with each participant that were spaced a week
apart, so I could provide rich descriptions to support the study. I originally intended to
conduct face-to-face interviews, but international students were currently off campus for
distance learning during the current pandemic. I scheduled synchronous (in real time)
interviews at the participant’s convenience for approximately 45 minutes each through
zoom. “Like any data collection method, conducting online interviews has its strengths and
weaknesses” (Merriam & Tisdale, 2016, p. 116). I interviewed my participants from their
living spaces near campus since I was not restrained by geography. I video recorded the
zoom interviews, so I could review nonverbal cues later and could transcribe the data from
the recording. I utilized semi-structured interview protocols to collect data. I asked
participants good questions that accurately reflected the focus of the study, which is the key
to collecting good data from interviewing (Merriam & Tisdale, 2016).
In the first interview, I asked the study participants demographic questions (see Appendix
A), followed by a series of questions related to the first A Priori question of the study (see
Appendix B). Research participants reflected on their perceptions about the challenges to learn
undergraduate mathematics in English in the United States. Since I video recorded the zoom
interviews, I had audio records that allowed me to transcribe the interview data. In the second
interview one week later, I asked a series of questions related to the second A Priori question of
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the study (see Appendix C). Research participants reflected on their perceptions about the
supports, both in and out of the classroom, to learn undergraduate mathematics in English. Then,
I analyzed the transcripts to get a complete picture of the data before I conducted the third zoom
interview. I used the interview data to provide a platform for creating specific open-ended
questions for the final interview (Gonzales, 2006). I designed the follow-up interviews to clarify
meanings and to get a deeper understanding of participants’ perceptions about the transition
process.
I collected and stored all transcriptions electronically on a password protected computer.
I will maintain all records and transcriptions for five years after the data collection process, and I
will destroy all records and transcriptions by deleting all electronic data files (e.g., interview
recordings) and by shredding all paper copies (e.g., document data). To protect the rights of the
study participants and the integrity of the research, I submitted documentation regarding the
proposal for this study to the University’s Institutional Review Board (IRB), strictly following
the IRB Requirement Guide.
I provided an IRB consent form and letter to notify the participants of the following:
purpose of the study, how I chose participants for the study, how I structured the study, rights
and freedoms of the participants, benefits of the study, and additional information I needed for
the study. I required each participant to read, understand, and sign the informed consent, and
participants returned the signed consent to me via email. I saved the email form on my password
protected computer to protect the participant’s rights and for ethical concerns. The participant
retained a signed, digital copy. I strictly adhered to anonymity and confidentiality in this
research. I based my relationship with the participants on honesty, trustworthiness, and respect.
Hence, I conducted the study in compliance with research ethics and the protection of human
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subjects, with special attention given to trustworthiness and ethical behavior. Participants were
given the freedom to add to the transcription, delete, or correct any information at that time.
Researcher’s Reflective Journal
I utilized a researcher’s reflective journal for additional data collection to “bracket” my
biases by making them explicit and to further foster the triangulation process. This continual
commitment to self-awareness was important to manage my biases, beliefs, and values at the
forefront of the study (Janesick, 2015). I used my reflective journal “to keep account of all steps,
processes, and decisions made throughout data collection and analysis” (Lefdahl-Davis &
Perrone-McGovern, 2015, p. 412). I recorded my thoughts and experiences in a word document
on my laptop, which is password-protected.
Data Collection
Exploratory studies are often limited by resource and time constraints. Patton (2015)
stated “the logic and power of qualitative purposeful sampling derives from the emphasis on indepth understanding of specific cases: information rich cases. Information rich cases are those
from which one can learn a great deal about issues of central importance to the purpose of the
inquiry, thus the term purposeful sampling” (p. 53). The researcher chose a purposeful sample
after determining the selection criteria to discover, understand, and gain insight into a certain
phenomenon and to help answer the research questions. The participants were selected because
of their special experience and competence (Merriam & Tisdell, 2016). For data collection, I
employed the following steps and procedures.
Seeking and Selecting Participants
Researchers employ nonprobability samples to collect data about specific experiences of
some members of the study population or to explore a perceived problem (Rog & Bickman,
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2008). “This is a strategy in which particular settings, persons, or events are deliberately
selected for the important information they can provide that cannot be gotten as well from other
choices” (Maxwell, 2008, p. 235). Patton (2015) noted the size of the sample depends on what
the researcher wants to find out and how the findings will be used. In qualitative research, there
is no general rule regarding the number of participants needed for the study. In fact, according to
Maxwell (2008), “qualitative researchers typically study a relatively small number of individuals
or situations and preserve the individuality of each of these in their analyses, rather than
collecting data from large samples and aggregating the data across individuals or situations” (p.
222). I limited the number of prospective participants to seven students, who met the norm
based on the inclusion criteria. Researchers determine sample size based on the purpose of the
study and on what can be accomplished with available resources (Patton, 2015). I randomly
selected two participants from a sample of four volunteers for the study. Since two participants
provided data that were information rich, I determined that reasonable coverage of the
phenomenon was evident given the purpose of my study.
Profiles of the Participants
Two Arab undergraduate students enrolled at a large, public research university in the
southeast region of the U.S. participated in this study.
Adiba, a 19-year-old from Oman, speaks two languages: Arabic and English. She likes
painting and drawing and wants to get her undergraduate degree in supply chain management.
After completing her degree, she wants to get a job in the United States and then continue her
schooling to get an MBA. She did not take the IELTS, but her country sponsored her to
participate in the Academic English Program (AEP) at INTO. After participating in two
semesters of AEP, she entered the Pathway Program, which she completed in two semesters.
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Akil, an 18-year-old from Kuwait, also speaks two languages: Arabic and English. He is
a photographer and likes to take landscape and cityscape photos. In Kuwait, he shared his work
with three photo galleries and remarked about how much he loved the experience. He also likes
to work and to volunteer, and he participated part-time in Kuwait in those activities. He said,
“Here in the United States, unfortunately, I can’t work and study because I am a foreign student.
I really miss this experience a lot.” His country sponsored him to come to the U.S. to pursue a
degree in electrical engineering. After completing his undergraduate degree in the United States,
he plans to return to his home country and to work there. His IELTS score fell below the
minimum requirement for direct admission, so he participated for two semesters in the AEP. He
also completed the Pathway Program in two semesters.
Both participants voluntarily participated in the study and were eager to share their
perceptions of the transition to learn undergraduate mathematics in English in the U.S.
Providing Participants with Materials
After I secured approval from the Pathway Academic Director to initiate contact with
undergraduate students in the Pathway program, I sent the recruitment email to the Pathway
Academic Director. The Pathway Academic Director sent the recruitment email on my behalf to
all seven AUS who were enrolled in my English Language for Mathematics class in Summer
2019 or Fall 2019, while they were students in the Academic English program. I had seven Arab
undergraduate students who met the inclusion criteria. Prospective participants were contacted
by the Pathway Academic Director via their university email account to minimize intrusion into
participant's privacy. I used the recruitment email to outline the research purpose and the nature
of the interviews. After two weeks, only one student responded to the Pathway Academic
Director and agreed to the study. At that point, the Pathway Academic Director allowed me to
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contact the prospective participants personally. Then, I sent the recruitment letter from my
university email account, and I received three additional responses after one day. I randomly
selected two out of the four Pathway students that agreed to the study. I emailed the selected
participants to provide the informed consent document and to schedule the first session.
Prior to the first interview, participants signed and returned the informed consent via
email. I responded to questions about the informed consent form and verified that the
participants were aware, understood, and approved of the conditions of the study. Due to the
current pandemic, all communication took place via email, and the interview sessions were
conducted in zoom. Further, I utilized this web-based platform because it allowed participants
more flexibility of time and space to consider and respond to requests for information. Thus,
participants could provide a deeper reflection on the discussed topics, and they could engage in a
nonthreatening and comfortable environment (Creswell & Poth, 2016).
Personal Interviews
Two Arab undergraduate students, who were at the time of the study in the process of
seeking their bachelor’s degrees at a large, public research university in South Florida,
participated in the study. I interviewed each participant virtually, at their convenience, in three
30-45 minutes zoom sessions. I conducted three interview sessions with each participant which
provided rich information about Arab undergraduate students’ perceptions about and experiences
with their transition to learn mathematics in English in the United States. All interviews were
audio-recorded in zoom and transcribed in Google Docs, and I took notes during and after each
interview (Patton, 2015). Participants were interviewed twice to obtain responses to
demographic (see Appendix A) and open-ended questions (see Appendix B and C). The third
session was a follow-up interview with each participant to gain a clearer and deeper
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understanding of their transition experience. I made every effort to respect research ethics and to
avoid bias that might influence participants’ perceptions and alter the significance of the results
of the study.
Building Follow-up Questions
After I reviewed the responses from the first two virtual interviews, I designed follow-up
questions for each interviewee for the third and final interview. I asked carefully worded
questions aligned with my research questions to further probe study participants’ perceptions.
Patton (2015) explained “The interviewee says something almost in passing, maybe as an
afterthought or a side comment, and you note that there may be something there worth following
up on” (p. 466). In most instances, I looked for places where I “could have followed up but did
not” (Merriam & Tisdell, 2016, p. 124).
Reflective Journal
Along with the transcribed data from conversations between the participants and myself,
I used a reflective journal to filter my lens as a researcher and to further triangulate the data
process (Seidman, 2006). I used journaling to clarify my ideas, to form questions throughout the
interview process, and to refine my understanding of participants’ responses. I recorded my
thoughts and experiences during data analysis to eliminate any unconscious bias that could alter
my interpretations of the data. Braun and Clarke (2019) emphasized that “the researcher strives
to be fully cognizant of the philosophical sensibility and theoretical assumptions informing the
use of thematic analysis; and these are consistently, coherently and transparently enacted
throughout the analytic process and reporting of the research” (p. 594).
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Data Analysis
During the virtual interviews, I investigated the phenomenon, so it was critical for me, as
the researcher, to see where the inquiry took me and to make sense of it as it unfolded (Patton,
2015). Qualitative researchers conduct interviews to collect data that consists mainly of voice
and text (Seidman, 1998). While reading the transcriptions from three interviews, I examined
emergent themes to illuminate the phenomenon under investigation. I used reflexive thematic
analysis (TA) to identify, organize, and provide insight into the shared meanings and experiences
of the participants (Braun & Clarke, 2019). According to Aronson (1994), “thematic analysis
focuses on identifiable themes and patterns of living and/or behavior” (p. 1). It is a widely used
method in qualitative research and allows the researcher a lot of flexibility in interpreting the
data.
Thematic analysis is not a linear process, but rather a recursive activity, and it is
compatible with many types of qualitative studies. Maxwell (2008) stated that data analysis and
data collection should be conducted simultaneously. There are six phases to TA of qualitative
data as outlined by Braun and Clarke (2012): to familiarize yourself with the data, to assign
initial codes, to search for categories, to discover potential themes, to interpret themes, and to
produce the report. Before I discuss the themes, it is important to acknowledge how I allowed
the analysis to guide my findings. I used this section to briefly provide an overview of the codes
that emerged during each phase of the analysis process.
Familiarize Yourself with the Data
I listened to the audio recordings, and I transcribed each of the three interviews. I read
the transcripts multiple times to get immersed in the interview data. I carefully reviewed the
interview transcripts as well as any follow-up responses I received through email correspondence
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with the participants if I thought I needed to delve deeper to have a more detailed description. I
circled common reoccurring words, concepts, and thoughts (Richards, 2020). I also kept a
journal to record my initial impressions such as questions, initial interpretations, and reactions. I
recorded my thoughts during the collection and analysis process in my reflective journal
immediately after each interview and after each phase of the analysis. Additionally, I made
notes on the individual transcripts as well as wrote notes on the entire data, listing patterns of
experiences (Aronson, 1994). I returned to my A Priori questions to reflect if the raw data
answered my initial queries (Richards, 2020). At this stage, I realized my note taking was
observational and not systematic (Braun & Clarke, 2012).
Assign Initial Codes
The second step was to generate initial codes from interesting features of the data in a
systematic manner across the entire data set. To create these codes, I read and reread the
transcriptions multiple times and completed a line-by-line textual analysis to discover which
statements were meaningful to the transition. I identified and labeled data relevant to the already
classified patterns. Merriam and Tisdell (2016) referred to this as open coding, which is a way to
organize data. The term “open” is used because at this point of data analysis the researcher is
open to anything. “The text and the researcher’s background knowledge make it possible to
specify different aspects or properties of the phenomenon being developed” (Mayring, 2004, p.
271). In this phase, I underlined, highlighted, or circled words or phrases that condensed the data
to figure out what topics fit together (Richards, 2020). I systematically identified topics by
creating tentative labels for chunks of data to summarize my interpretation of the transcriptions,
but I did not have fully worked-up explanations in this stage of analysis. Then I recorded
examples of participants’ words and establish properties of each code (Braun & Clarke, 2012).
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The codes were words or short phrases that provided a summative, essence-capturing attribute of
the language-based data (Richards, 2020). I generated 30 preliminary categories after two
holistic readings of the data. The assigned codes are provided in Table 1 to illuminate the second
phase of data analysis.

Table 1. Assign Initial Codes
Background
Preparation
Public vs.
Private
Learning
English
Sponsorship

Comparative
Difficulty
Readiness

Class Design

Independent/Group Teachers

Teaching Style

Time

Americans

Academic
Vocabulary
Content Same

Participation
Structure
SMART Lab

Technical vs.
Conceptual
Processes

Friends

Placement
Exam
Easy

Positive/Negative MyLabsPlus
Feelings
Meaning Making Technology

Resiliency
Distance Learning

Tutors/Peer
Leaders
Good/Bad
Experience
Independence

Search for Categories
I reviewed coded data to identify broad topics around each codes cluster. I reviewed
areas of similarity and overlap between codes and catalogued related patterns into sub-themes.
In this phase, the categories became more abstract, but were reflective of the meaning behind the
raw data (Richards, 2020). Aronson (1994) defined themes as “units derived from
patterns…identified by bringing together components or fragments of ideas or experiences,
which often are meaningless when viewed alone” (p. 2). This step involved refining and
differentiating concepts that have already been labeled by looking at the network of relationships
around the categories (Braun & Clarke, 2012). I looked for temporal and spatial relationships,
cause and effect relationships, means-end relationships, and argumentative and motivational
connections to piece together a comprehensive picture of the participants’ collective experience
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(Mayring, 2004). I made sure that no two categories overlap (Richards, 2020). Part of my
analysis diagram of the different factors of the participants’ transition is provided in Table 2 to
highlight how the codes were established.

Academic English

Table 2. Search for Categories
Positive or Negative
Experience
Comparative
Difficulty
Mathematics
Preparation
Placement Exam

Language Shift
Content Same

Memo
Participants are shocked by how little of
the academic language of mathematics
they know or recognize. They rely
heavily on numbers and symbols and
prior background at first to solve math
problems. They spend a lot of time
translating mathematics from Arabic to
gain understanding. They make meaning
of the mathematics by relating it back to
concepts they studied in high school and
by talking to fellow nationals. The
placement exam is a challenge because
they don’t know the mathematics
vocabulary and they can’t use calculators.

Discover Potential Themes
I looked for themes inductively from the raw data or deductively from theory (Richards,
2020). I needed to reread the entirety of my data to determine whether my sub themes
meaningfully captured the most important elements of the data or the overall tone of the research
questions (Braun & Clarke, 2012). After sub themes were identified and a pattern was starting to
emerge, I obtained feedback from the participants by sending an email of the transcribed
conversations and the preliminary analysis to each participant for verification (Aronson, 1994). I
identified categories of participant perceptions in Table 3 that answer each research question.
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Table 3. Discover Potential Themes
Challenges Placement Test, Academic Vocabulary, Conceptual/Procedural
Knowledge, Technology, Distance Learning, Language, New
Processes, Isolation, Time
Supports
Independence, Teachers, SMART Lab, MyLabsPlus,
Interactions, Discourse, Class Design, Individual Attributes,
Motivation

Interpret Themes
I defined themes that provided a clear focus and a coherent overall story about the
phenomenon (Braun & Clarke, 2012). I maintained reflexivity at all levels of analysis and
interpretation. My interpretation of the data was grounded in previous research or from my
personal experiences with the participants and/or with my knowledge of the subject matter
(Richards, 2020). For this phase, I extracted quotes that provided structure for the analysis and
validated the central category. I used the quotes to supply a vivid, compelling illustration to
answer the research questions. I reviewed the literature to gain information to make inferences
from the interview data (Aronson, 1994). In this stage, after I analyzed themes for each
participant, I shifted my focus to the whole, aiming to identify whether there were any
connections across the participants. Braun and Clarke (2006) suggested moving to a more
theoretical level in the final stage of analysis and relating the analysis back to the research
questions, objectives, and previous literature reviewed. For the purposes of this study, I utilized
Schlossberg’s (2006) Adult Transition Theory with Brenner’s Communication Framework for
Mathematics (1998) and Moschkovich’s Situated and Sociocultural Theory on Bilingual
Mathematics Learners (2002) to find potential connectedness between participants.
During the peer review, I discussed names for themes to refine my categories. According
to Braun and Clarke (2012), there are two broad styles of thematic analysis: (1) descriptive and
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(2) conceptual and interpretative. The two styles serve different purposes. Descriptive analysis
is used to illustrate the broader content, while conceptual and interpretative analysis is done to
move toward latent or implicit meanings. The clustered and labeled components are the core
themes of the experience. Although the selected themes could be unique to the individual
participant, I utilized the themes as a framework to understand the experiences of both
participants. By pouring over the participants’ words in the transcriptions and organizing the
quotes in a systematic way, I was able to jot down themes that stood out to me from the
interviews. Once I compiled a list of potential themes, I combined ideas that described a similar
category. Additionally, if a theme I had identified only seemed to apply to one of the
participants, I looked for ways to conceptualize the concept under an existing theme or created a
new theme that would apply to both participants. After developing the themes, I went line by line
through the transcriptions to classify each thought into one of the identified themes. Through the
classification and review process, I consulted with an expert in the field to reword themes until
they could be used to classify all the data observed in the transcripts of both participants.
Through careful and repeated review of the participants’ transcripts, I identified six broad themes
that were apparent across each individual participant. A portion of my quotes diagram labeled
with appropriate themes is provided in Table 4 to highlight my interpretation.
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Table 4. Interpret Themes
Quotes
“The subject is the same, the content is the
same, but it was in Arabic.”
“Almost all the topics are the same.”
“It is easier because I have a background
about it.”
“We need a background before come to the
university because it helps us a lot.”
“College algebra is easier here than Oman.”
“College Algebra helps me because it is like
what we learn in high school but in English. I
learn a lot of mathematics words in English”

Categories
Prior Background

“Maybe the process is different.”
“Maybe here I learn new processes help me in
math more.”
“It is the same symbols and numbers; I think
we have different ways.”
“It is challenging because we learn a different
process.”
“I wish maybe the instructor do a group
activity that I need to check with Americans
because they have their ways to answer.”

New processes

Memos
Background knowledge of
the mathematics and
participant placement
seem to be a theme for
the early success of
international students. I
realized how much the
participants rely on their
Arab friends for help and
support, as they work
together on homework
and talk about concepts in
Arabic to make
connection in meaning
between the languages.
Although the mathematics
is the same in the early
mathematics classes,
Americans have a
different way of working
problems. International
students need
interactions with “others”
to make sense of these
new algorithms.

Produce the Report
It is important to create a compelling story with the data based on the analysis. I logically
connected the order of the themes to tell a coherent story (Braun & Clarke, 2012). For the
purposes of this study, I selected tools to inform the data analysis. I used proposed theoretical
frameworks to embed participants’ perceptions in a scholarly field and to find potential
interaction between participants to understand the phenomenon of interest. I utilized the abovementioned theoretical frameworks to understand how AUS’ perceive their transition to learn
mathematics in English in the United States. I discovered themes that emerged from an
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inductive analysis of the data, as well as the theoretical orientations which are relevant to the
phenomenon under study (Ryan & Bernard, 2003).
Role of the Researcher
I conducted this research using ethical practices to establish trustworthiness of the study.
I paid careful attention to maintain validity and reliability. According to Merriam and Tisdell
(2016), good qualitative research should include “being explicit about the researcher’s role and
his or her relationship to those being studied, making a case that the topic of the study is
important, being clear about how the study was done, and making a convincing presentation of
the findings of the study” (p. 240). My professional background and experience were sufficient
to understand AUS’ transition experiences. I conducted this qualitative inquiry in accordance
with professional research ethics and with institutional policies and regulations. “Validity in
qualitative research is the result not of indifference, but of integrity (personal communication)”
(Maxwell, 2008, p. 243).
Ethical Considerations
I bracketed personal biases to eliminate any potentially harmful effects of preconceptions
that might taint the research study. I gave special attention to the voluntary nature of
participation and to participants’ protection of privacy. I verified the participants were aware,
understand, and approve of the conditions of the study. I emphasized to potential adult subjects
they can withdraw participation at any time, even after the study concluded. I kept all data
confidential by removing all identifying information right after data had been collected. I used
numerical identifiers and/or pseudonyms to record data and to protect participants’ identities. I
stored the legend that relates the participant’s identification to their numerical codes on a
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separate file, on a password restricted computer to avoid any harm or risk to the participants. I
presented the outcome of the study in a truthful and honest way.
Trustworthiness
I established the trustworthiness and credibility of my research. In qualitative studies, the
validity of the inquiry adheres to how research findings match reality. I employed multiple
techniques to assess the trustworthiness of this study: triangulation, member checks, reflexivity,
and peer review.
Triangulation. Merriam and Tisdell (2016) stated triangulation is the best-known
strategy that lends support to the claim of internal validity. In this qualitative inquiry, I used data
triangulation to compare and to cross-check data collected at different times and in different
ways. I collected interview data three times with the same people and recorded assumptions,
responses, reactions and ideas in my reflexivity journal. I gathered data from each source, and I
cross-checked the similarity in the results.
Member checks. A second common strategy to support internal validity is participant
feedback (Merriam & Tisdell, 2016). I solicited feedback on preliminary or emerging categories
from the participants after the three interviews to confirm that the interpretations captured their
experiences. After subthemes were identified and a pattern was starting to emerge, I sent an
email of the transcribed conversations and the preliminary analysis to each participant for
verification. Participants agreed with the transcribed conversations and the emerging themes,
and they did not add anything to the analysis process. I was disappointed with their
unwillingness to contribute to the data, and I attributed this partly to the power differential. For
example, in the Arab culture, students have the utmost respect for their teachers and do not
question their authority (Alqarni, 2018). In fact, Arab students would thank me after day as they
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were leaving the ELM class. According to Abunab et al. (2017), “Arab students are still grateful,
confident, and comforted with the quality of education they are getting” (p. 1713).
Reflexivity. I controlled and monitored prejudices to produce more trustworthy
interpretations by continual awareness of my personal biases and subjectivity (Patton, 2015). I
utilized self-reflection through journaling to consider personal biases to better control them.
Merriam and Tisdell (2016) acknowledged that “qualitative research is concerned with
understanding how a particular researcher’s values and expectations influenced the conduct and
conclusions of the study” (p. 249). For example, I expected all the Arab students to participate in
the same way in the ELM class. However, I was unaware of the gender issues that prohibited
females from speaking in class in front of the males (Abundab et al., 2017).
Peer review. Finally, I contacted a colleague in the pathway program, who is familiar
with the research, to conduct a peer examination by scanning the original transcriptions and by
assessing whether the findings were reasonable. We shared three one-hour zoom meetings to
discuss my findings and collaborated on my ideas for emerging themes. The purpose of peer
review is to challenge the researcher to provide solid evidence for findings and interpretations to
gain deeper insight and understanding and to avoid bias (Merriam & Tisdell, 2016). For
example, the peer reviewer helped me eliminate unconscious bias. I continued to view their
mathematics learning in English from a deficit perspective, but she encouraged me to see the
participants in terms of the resources they bring with them into the university. Initially, I did not
fully appreciate the value of classroom discourse, but she helped me realize that active and
repeated communication about mathematical ideas promotes language acquisition and learning.
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Quality of Design
One way to determine quality in qualitative research design is to assess its level of
confirmability, credibility, transferability, and dependability (Riege, 2003). Confirmability is
the degree in which researcher has shown neutrality and objectivity. I provided a complete
picture of participants’ perceptions and explicitly outlined my general procedures for data
analysis. Credibility was represented in the agreement of research findings. I made transparent
the participants’ meanings through direct quotes from interviews to ensure that findings are
systematically related. Transferability is another word for the generalizability of the research. I
interpreted findings that were congruent or connected to prior theory. Hence, I used my study to
contribute to the literature, by suggesting new directions for theory and research regarding AUS’
transition to undergraduate mathematics in English. Finally, dependability is consistency in the
research process. I made the research questions clear and designed the study appropriately to the
phenomenon of interest.
Study Limitations
Limitations apply to all research. There are potential concerns inherent in qualitative
research that can be addressed by the inclusion of trustworthiness strategies. I recognized
potential problems such as those associated with researcher bias and hermeneutics. First, my role
as the researcher was a limitation because I taught the ELM course for nine semesters, and I had
my own assumptions about the transition experience through my personal lens as a mathematics
professor that might influence the interpretation of the data. Second, since I analyzed the written
text, I needed to consider the role of hermeneutics (Merriam & Tisdale, 2016; Patton, 2015).
Specifically, other researchers with different personal and professional experiences may offer an
alternate interpretive understanding from the data than I will (Patton, 2015).
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Another limitation to the study was the language difference between the participants and
me. Participants did not communicate their beliefs and feelings in their first language, which
might not have permitted them to fully describe or articulate their experiences. Further, I might
not fully have understood what they described. Additionally, since I was their first mathematics
instructor after they arrived at INTO, participants might not have been comfortable sharing their
perceptions with me about their mathematics experience at the university.
Finally, I considered the nature of the sample. I had a sampling frame that consisted of
my former students. Other AUS from the ELM class might be students who had either positive
or negative experiences to relate. Hence, I did not design the research to be representative of all
English language learners or all international students. I collected data from two students at one
institution, thus potentially limiting the generalizability of the results. Yet, the nature of the
sample and site may make the findings beneficial primarily to one university. “Indeed, the value
of a qualitative study may depend on its lack of generalizability in the sense of being
representative of a larger population; it may provide an account of a setting or population that is
illuminating as an extreme case or ‘ideal type’” (Maxwell, 2008, p. 245).
Summary
The transition to learn undergraduate mathematics in English is rarely addressed in the
literature. Thus, there is a need to contribute to the knowledge base in the field, in both theory
and practice, to improve the practice of equitable teaching in undergraduate mathematics in the
United States. Although the research discoveries cannot be generalized outside the context of
the participants, researchers can interpret the data in an integrated form to guide the
implementation of professional development for undergraduate mathematics professors and of
support systems for AUS to provide a successful transition experience. Even though supporting
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English Language Learners (ELLs) in mathematics education at the K-12 level has become a
focused topic in the research, little work has been undertaken to understand the role of language
and culture in learning mathematics at the tertiary level. (Durrand-Guerrier et al., 2016; Gong &
Gao, 2018). Hence, educators have drawn on research conducted at the secondary level to
inform university level teaching of undergraduate mathematics (Durrand-Guerrier et al., 2016).
My overarching intent in this chapter was to address Maxwell’s (2008) five components
of qualitative research design: goals, research questions, methods, conceptual frameworks and
validity. First, I established the goals of my study to influence practices and policies to teach
undergraduate mathematics to AUS. Second, I claimed that exploratory, descriptive case study
was a qualitative method that best explained AUS’ transition experiences in undergraduate
mathematics in English and adequately addressed the two A Priori questions for this study.
Third, I shared the methods of inquiry for the qualitative study. The basic interpretative study
was executed with two research instruments, three semi-structured, virtual interviews and the
researcher’s reflective journal, for data collection and further data analysis. Thus, I designed the
methodology for the study to facilitate the investigation into the phenomenon and to fulfill the
purpose of the study. Fourth, I outlined the information related to the participant selection and
recruitment process, as well as how I analyzed the data using the relevant literature and reported
it in the manuscript. Fifth, I concluded by highlighting ethical considerations and limitations of
the research. In the next chapter, I will detail my findings from the interviews.
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Chapter 4: Findings
My purpose in this exploratory descriptive study was to explore the perceptions of Arab
undergraduate students as they transition to learn mathematics in English in the United States
and to describe the challenges they experienced and supports they received in university
mathematics as first-time, full-time international students. I designed the following A Priori
questions to guide the study:
(1)

In what ways do two Arab undergraduate students perceive their challenges to learn
mathematics in English in the United States?

(2)

In what ways do two Arab undergraduate students perceive their supports to learn
mathematics in English in the United States, both in and out of the classroom?
In this chapter, I present findings related to the two research questions using data from

three 45-minute semi-structured interviews per participant and notes and memos recorded in my
researcher reflective journal before, during, and after the interview sessions. After collecting
data, I utilize Braun and Clarke’s (2016) reflexive thematic analysis to analyze interview data as
it related to each of the A priori questions. I describe my findings by outlining the transition
process of each participant individually, and I present my discoveries by themes that emerged
from the data. I support my findings with the participants’ own words as generative of meaning
and knowledge. I use the themes to filter the voices of the participants and to provide a lens for
me to interpret the data. Finally, I summarize the themes that resonated with the research
questions posed in this study.
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It was necessary, as part of data reduction, to remove my words, so the participants’
words could be viewed on their own merit. This study is about participants’ transition
experience, as conveyed in their words, not mine. As a result, I sometimes removed fillers such
as “so” and “like,” when participants would stumble over words before reaching a coherent
response. I eliminated superfluous words, such as “really,” to provide fluency. Since this study
is not about language use, it is not important to keep these words. Yet, with the goal of clarity of
participants’ meanings and experiences, I believe this tactic allowed what is important to the
transition for each participant to shine through.
The Transition Experience
I provide textural descriptions of each participant’s transition experience to explore Arab
undergraduate students’ perceptions of learning mathematics in English in the United States.
Schlossberg’s transition model is best suited to illuminate this experience, as it pertains to adult
development. I share the transition experience for traditional-age, full-time Arab undergraduate
students attending a four-year institution in the United States, including quotes from the
interviews to include in this section. There are themes that are unique to the individual
participant but can be utilized as a framework to understand the experiences of both participants,
as they relate to challenges and supports through their first year of collegiate mathematics.
Schlossberg (2006) viewed transitions in an integrated way. As she described it, we are
all involved in a transition at any point in time. We move in, move through, or move out of a
situation. For example, the Arab undergraduate students are accepted at a university in a foreign
country and moved into a new role as a college student which means they transitioned to a new
culture and a new language. They moved into new relationships within the higher education
community and possibly moved into new friendships with roommates and classmates as well.

99

They moved out of the role of a high school student in their home countries and out of
relationships with old friends and established routines, with changing familial relationships too.
Because some of them moved with fellow nationals and other family, they moved through the
relationship. While we can relate to the moving in and moving out positions, it can be more
difficult to understand what moving through involves, especially as it relates to learning
mathematics in English.
Anderson et al. (2012) described adult development as one of adapting to new roles,
relationships, routines, and assumptions; a neutral zone or period of isolation and confusion; a
period of renewal; and a time for motivation and promise. To describe the transition, I used
Schlossberg’s 4S system that examined adult development through the situation, the self,
support, and strategies. The Arab undergraduate students shared similar cultural backgrounds
and characteristics. Both participants had never been to the United States prior to entering the
university. Their transition stories were used to identify similarities and differences between
prior mathematics learning in their home country and present mathematics learning at the
university, including challenges they experienced and supports they utilized. Nonetheless, each
participant had his/her own unique experience, as well as had different ways of reacting and
responding to those experiences.
Adiba’s Transition
Adiba’s transition was one of aspiration and resilience. She speaks two languages:
Arabic and English. She gave me some background information about herself, including
descriptions of her secondary schooling. She told me, “I grew up in a small town in Oman.” She
went to high school in Oman near the university. Her two brothers attend private school, but she
and her sister attended the public school. She said, “In public school it is separate genders, like it
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is only for females and there is only for males.” Her teachers were female. From grade 1 to
grade 10, she studied general education like math, Arabic, English, and science, and some
electives like music and art. In grade 11, she had to choose between a science major or an art
major. She decided on the science track, so she studied physics, chemistry, biology, and
calculus.
Adiba described her calculus course in high school this way:
It’s a lecture in class, and we need to interact. We need to copy the homework from the
board, from the book that the instructor will write…and we need to copy the homework
and we need to answer at home. Then we interact in the class. Also, there is a group
activity that I think is helpful for math because if you didn’t know something other
students will talk to you.
She went to secondary school Sunday through Thursday from 8:00 am until 2:00 pm. She
thought there were about thirty students in a class. There were seven classes per day, and each
class was thirty minutes long. Hence, the school day is about an hour shorter with smaller class
periods than our secondary schools in the United States. I asked her how she got sponsored from
Oman to study in another country.
First, when we finish the high school, we need to select, and they give us like a table to
put our priorities that we want to study. They give us a book with a lot of major and a lot
of countries. And there is also an Oman college and university, so we need to select what
our first priority to the last. It is like 40, I think, majors that we need to select. And then
it depends on our grade. They put us on what we will do best on. In math and English,
we need to have higher than 85.
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Before Adiba arrived in the U.S., she had limited experience in English, especially in an
academic setting. She first began to learn English in first grade, but it was never more than an
academic subject that she took every year. Her father speaks some English, but she rarely spoke
English outside of class or school. This is what she had to say about her prior knowledge of
English.
We didn’t interact in English, not like here. We learn only and we apply what we learn in
the exam, but we didn’t talk in English in Oman. I think I learn nothing. Yes, I think this
is an important point. In my country they study in the university English and they study
in the high school and from grade one to high school English, but they didn’t talk in
English like when we study in the United States. Like even one paragraph, they can’t
say and talk, but they are doing good in the universities. But because it is only about
learning and apply in the exams, I think we won’t learn a lot if we do like this.
Although other countries require an IELTS score, she told me that it was not required to study in
the United States. For that reason, she participated in the Academic English Program (AEP) at
INTO which provides intensive training to students interested in studying at the university. She
entered the AEP at level 3.
When I asked Adiba why she chose to attend a university in the United States, she said,
“Because I think in US is the best universities, and the US university’s certificates are accepted
in every degree.” In addition, she remarked, “Because I get a scholarship for my major here.”
She received a full scholarship from Oman to study for an undergraduate degree in supply chain
management. When I asked her about her career choice, she reacted, “I am interested in learning
about business because I like business a lot, especially marketing. I want to graduate from my
bachelors with a business degree.”
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During her two semesters of AEP, Adiba elected to take the ELM class. She had never
experienced learning mathematics in English before. When she talked about this experience, she
said, “The first class for the ELM, quite a bit of difference.” She noted, “I didn’t understand
anything” at first. She found the class to be difficult because she was unfamiliar with the
academic vocabulary of mathematics. “Like I understand the plus and minus, but there is
another word like subtract and add.” However, after completing the ten-week course, she
perceived it really helped her. She remarked, “And it has helped me now, how I study
mathematics.”
Before students register for classes at a university, or in this case enter the pathway
program, they are required to take the university’s mathematics placement exam. The exam
score is used to determine the best level for a student to begin the mathematics curriculum.
Adiba initially placed into College Algebra for her first semester of Pathway, but she hoped to
achieve a higher level of mathematics. She decided to take a second test, referred to as the CPT
(College Placement Test), for incoming college freshman students, which is a “second chance”
to determine a student’s skill level in mathematics. She scored one point below the threshold
that would advance her mathematics placement to Business Calculus.
Although Adiba already learned the mathematics that is taught in College Algebra and
Business Calculus, she was not upset about her mathematics placement. In fact, she perceived
the classes helped her to refresh her memory of mathematics she studied long ago. “But I think
it’s good. I am lucky to study college algebra. It helped me a lot, and it’s remember me about
the mathematics because I have a long time don’t study math.”
When I asked Adiba to describe how her learning experiences in university mathematics
compared to her high school mathematics in Oman, she remarked, “First, the subject is the same,
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the math. But the gender is all female in the public schools. My teachers were female.” I asked
Adiba if it was an issue to study with males. She responded:
It doesn’t bother me to study with males. All of my teachers have been male. Because
there is no difference maybe between the genders. There are large classes, and there are a
lot of students. And we don’t need to connect a lot.
On the other hand, her teachers in Oman gave “a lot of weekly homework” and “a lot of
multiple-choice exams” which is comparable to her experiences at the university. She did most
of her math homework independently in Oman, but “there were some activities where we need to
work together, like group projects.” She also noted the absence of technology in her high school
mathematics classes. She said, “I think it is quite a bit the same, but the difference that there is
no online or electronic thing used in class.”
I asked Adiba to describe her experiences in learning mathematics at the university. Her
first response was, “it is very similar.” However, the more we talked, the more she revealed how
she had been impacted by the transition to learn mathematics in English. Regardless of these
transition factors, she had persevered and performed at a very high level. In fact, she told me, “I
get 100 in math.”
I asked Adiba what it is like being an international student and trying to learn
mathematics in English. She responded:
I think it is interesting. I want to learn mathematics in English because all the companies
that we will work in future, all the jobs in future, will be in English. So, I need to do in
English. Because I need to do my best in English because I need to have experience in
this mathematics.
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When I asked her what she does for fun to ease the academic stress, she remarked, “traveling,
maybe if I have a holiday.” She added, “I think gathering with a friend, going out. We go and
meet in our favorite restaurant and eat a dinner together, all of my Omani friends.” She has
increased her social circle of friends, especially fellow nationals. She included:
Yes, also the Arabic people, the Gulf country people, Emirates, so we can talk together.
We are the same countries. We talk the same, not like the other Arabs. We are much
together. We have families together, not like from Syria or Lebanese because they are
different, not like the Gulf countries.”
She considered herself lucky to attend the university. She said, “I think it’s a great opportunity
that I study in the United States to improve my English because in Oman to find a career we
need the English.” After completing her degree, she wants to get a job in the United States and
then continue her schooling to get an MBA.
Akil’s Transition
Akil’s transition was one of socialization and independence. He speaks two languages:
Arabic and English. He comes from a big family and is the youngest son. He has four brothers
and a sister in Kuwait. He had two friends who came with him from Kuwait and were his
roommates, but one of them returned home. He described the difference between public and
private school in Kuwait.
So, in Kuwait, there are two kinds of schools. We have public and private school. The
private school is much easier, also much better for students who are going to study in the
U.S. because they are teaching them everything in English. They are working with
females as an instructor or student, but, in the public school, we are all male because I
don’t know. Maybe because it is our culture like that. In the beginning, I was going to a
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private school. Maybe that is what taught me a little bit of English, like in the beginning.
But after that, from the middle school to the high school, I went to the public school.
Then he told me about his experiences in public school in Kuwait. His high school experience
was reminiscent of our secondary schools in the U.S. Students have a lot of different subjects
and move from room to room. He went to high school Sunday through Thursday from 8:00 am
until 1:30 pm. He remembered his secondary school experience with this comment.
It is comparable to the university, so if you have chemistry class, you need to go to the
chemistry lab. If you have like an Arabic or English class, you need to go to Arabic or
English class. There is a lot of different rooms, so you are moving. You are not only
sitting in one place. In each class we have from 25 to 28 students in each class. This is
good for me because like it gives me a small experience and to know what the university
will be like going from different classes.
There were classes in math, science, English, and Arabic every day, and each class was 45
minutes long. I asked him to tell me about the highest level of math he took in high school. He
said, “We don’t have names like here.” But when he compared it to what he is studying at the
university, he thought it was calculus. He described his calculus class in high school:
Most of the math teachers were Egyptian. They always allow us to ask questions. They
are always asking us if we know how to solve this math. For example, they are asking
me to go to the board and solve it by myself and to show my friends another way how to
solve this equation. Usually, we don’t have homework in Kuwait. Everything is in the
class. After that, it depends on you. If you are going home to study it, you will get high
grade, and if you just left it and said, ‘I don’t want to study anything until the final,’ it
will be real tough for you.
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Akil indicated learning styles for mathematics are different in his country. Since there is no
homework, students must study class material on a regular basis to prepare for a big exam at the
end of the semester.
Akil also had something to say about grading styles for mathematics. In Kuwait,
mathematics students must study everything from one textbook that is between 300-400 pages.
He remarked, “If you study everything in this book, you will get an A for every math subject you
are going to take.” In Kuwait, he said mathematics teachers do not assign any homework. The
mathematics students just have two or three small tests in a semester that count for 10-15% of
the grade and the final exam counts for the remainder of the grade. Hence, it is important to get
a high mark on the final exam. In response to his preparation for the final exam, he said, “you
can’t study it in a month.” Therefore, mathematics instructors encourage the students to have
private tutors at home. The private tutor goes to students’ homes and studies the mathematics
with them that they learned at school. He had a private math tutor who came to his house every
Monday, Wednesday, and Friday for two hours each day.
Just like American students, Arab students experience pressure to perform well in high
schools to receive academic scholarships for higher education. I asked Akil how students were
chosen in Kuwait to be sponsored at a university.
There is a lot of different terms and rules. But the main things you need to get 80% or
higher in the total high school certificate. If you study, it is not hard, but a lot of people
are not studying. I got 90% for the high school. I know that I am going to take a
scholarship because I got 10% higher than the normal thing, and you need to get 5 IELTS
score before going to study anyplace in the world. They start from the highest percentage
of students, then they go to the least. And if they are full, they won’t accept any more
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people. So normally if you get 83% or higher, you will take your seat for a scholarship.
It is not only studying in the U.S., but you can choose what country you want.
Before he arrived in the U.S., he had limited experience in English in a personal or in an
academic setting. He first learned English in the fifth grade, but it was never more than an
academic subject that he was required to take in school every year. Since his IELTS score was
not sufficient to gain direct admittance to the university, he enrolled in level 3 of the Academic
English Program (AEP) at INTO. The reason he chose Pathway was to gain conditional
admission into the university after successful completion of the program.
Akil is seeking his undergraduate degree in electrical engineering at the university. He
plans to return to Kuwait and to work there after graduation. He shared his reasons for choosing
to attend a university in the United States.
Because it’s a new experience for me. Since I was studying my whole life in my home
country, I want to travel to a very, very far place from Kuwait. It is a new experience for
me: improving my English language, learning a lot of different things, knowing new
people, and learning people from different culture.
He received a full scholarship from the government to study for an undergraduate degree in the
United States. In a later interview, he further explained his reasons for choosing the United
States. “Because I haven’t entered the United States before. I was watching the movies and
seeing their lives, so I thought why not.” He is happy with his decision to come to the U.S. but
said he will miss living in Tampa after graduation. In fact, he noted, “Definitely, I will come
back here, and I will see Tampa. And I will see everything. I remember everything.”
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During his two semesters of AEP, Akil decided to take the ELM class. He had not
experienced learning mathematics in English before the university. This is what he told me
about his first real experience in ELM.
Maybe I understand from 75 to 80% of the lecture, because at the beginning I was
understanding just the formulas by watching them. Then I was trying to learn the
vocabularies step by step. And I remember the first class ever, you had to test the sum
and the product. I remember when you gave us handouts and you wrote it on the board. I
was like learning everything from the beginning. I still have the papers from your
class. Back then, with Intermediate and College Algebra, I was going, oh, I have studied
this in the ELM class, and I am comparing them.
He told me that he became more comfortable with the mathematics vocabulary after his exposure
in the ELM class and his first class in Pathway. He went to the Pathway program because he
said he wanted to continue his studies at the university and everyone told him, “you can’t get
straightforward admission.” Since he really liked Tampa and the University, he chose the
Pathway program.
Akil had mixed feelings about his outcome on the mathematics placement in Pathway.
He was initially disappointed to be placed in Intermediate Algebra, a remedial class, especially
after participating in the ELM class. He cited several reasons for his failure to reach his goal.
Since he completed ELM in the fall, the class was finished by Thanksgiving. The university’s
mathematics placement exam is administered in early January, the week before the start of the
spring semester. That means there was a six-week delay from the end of class until the exam.
Students tend to forget much of what they studied in that time. He also decided to travel home to
Kuwait between semesters for seventeen days to see family and friends. He confessed he did not
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study or look over his notes before the exam. Finally, he admitted to the difficulty of the exam
with this explanation, “The placement test was the first exam in my whole life without a
calculator, so I didn’t know how to solve the math without a calculator.”
Akil completed two semesters of mathematics in Pathway. He had Intermediate and
College Algebra. Because he had studied this mathematics in high school, he perceived learning
from the beginning was a good thing for him. “It wasn’t learning math, more like it was learning
new vocabularies in math.” He suggested that it was not really a big transition for him because
“like I have studied almost everything in Kuwait.”
When he compared his experiences in university mathematics with his high school
mathematics in Kuwait, he acknowledged several similarities and differences. “The difference is
only the language, but everything is the same. In math we have lots of ways to solve equations,
but as I remember them, most of them are the same.” He did not use computers in his
mathematics classes in Kuwait. Nor did he have any homework. His high school math teacher
showed them how to do every single equation in the book and solved every problem from the
book in front of the class. I asked him if gender was an issue when seeking help for mathematics
classes or if it bothered him to have female instructors. He replied, “No, totally fine. There is no
difference between us. It is totally normal for me working with both genders. In my apartment
we have females from Saudi Arabia. They are smart people, and they always help us.”
Notwithstanding the differences to learning mathematics in English, he succeeded in his classes
in the Pathway program. “For Intermediate Algebra, it was 100% because it was so easy for
me.” He also noted that he received an A+ in College Algebra, even though it was online over
the summer.
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I asked him what he would tell other international students about learning mathematics in
English before they come to the United States. He responded:
At first, I want to advise them if they are going to take level 4 with INTO to take the
ELM class. They need to focus on it and study it because it is helpful. I have a friend
who take precalculus from the placement test. For me, I did not study. Don’t do my
mistake, so on the placement test you can get a high place and move forward. Then
everything will be easy for you.
He recognized the academic challenge of college courses in the United States, but he believed his
secondary school experience prepared him for the transition. He acknowledged, “In Kuwait, it
was also the days are going so fast, and it was overwhelming. So maybe I have been there, and I
know how to study in a small semester. I am good with it here.”
In the remainder of the chapter, I integrate each participants’ individual textual
descriptions into overarching themes that describe Arab undergraduate students’ experiences of
learning mathematics in English. I present the key findings within the context of the original
research questions that were determined for the purpose of the study.
Reflexive Thematic Analysis to Answer Question 1
Research question one (RQ 1): In what ways do two Arab undergraduate students
perceive their challenges to learn mathematics in English in the United States? I asked the
participants questions related to their transition from secondary school mathematics to university
mathematics; specific positive or negative experiences; similarities and differences in learning
mathematics in a different country and in a different language; weaknesses and strengths in
learning mathematics; and what they would want other English language learners to know before
studying mathematics in the United States. I read and reviewed the data in the interview
transcriptions, emails, and my researcher reflective journal. I used reflexive thematic analysis to
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search for common themes (Braun & Clarke, 2006). I identified three themes: (1) Overcoming
initial shock, (2) Adjusting to differences, and (3) Lacking formal interactive opportunities. See
Table 5 for a description of the themes that emerged.

Table 5. Themes for Participants’ Challenges
Overcoming Initial Shock

Adjusting to Differences

Mathematics vocabulary

Course delivery styles

Lacking Formal Interactive
Opportunities
Distance learning

Mathematics language

Teaching styles

Linguistic/cultural disparity

New processes

Time demands

Placement test

Overcoming Initial Shock
Overcoming initial shock is the theme that emerged most often among participants in
relation to their challenges as mathematics learners. This theme is interpreted by mathematics
vocabulary, mathematics language, new processes, and placement test. Both participants shared
recollections of their first experience of learning mathematics in English in the ELM class and in
their first few mathematics classes in Pathway. Adiba studied College Algebra and Business
Calculus in Pathway, while Akil studied Intermediate Algebra and College Algebra.
Mathematics Vocabulary. Participants acknowledged the value of the ELM class and
the early introduction to the mathematics vocabulary before studying in the university
mathematics classes. Since they had been introduced to the English language while they were
young, they were shocked at how little vocabulary they understood in the beginning. Adiba said,
“even the simplest mathematics like plus minus divided subtract I didn’t know it before. I
studied English from first grade but the simple math I didn’t know it.” She added that because
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she had only studied mathematics in Arabic in Oman, her biggest challenge was vocabulary.
Akil voiced similar concerns.
It wasn’t learning math, more like it was learning new vocabularies in math. It is my first
time to learn math in English and that was in the university, so I was trying to learn the
new vocabularies and how to read the question before answering it.
Even the mathematics vocabulary used to describe symbols were new to the participants. Akil
noted there are, “a lot of new vocabularies and that was really a challenge for me. So even the
small things like the parentheses and the brackets. The parentheses, it was really a new thing for
me in English.”
Participants relied heavily on numbers and symbols to make sense of the mathematics at
the outset of the transition. If participants did not understand what the instructor was saying,
they could see the numbers and symbols and remember the mathematics from high school. Akil
described his first learning experience at the university.
At my first days, I was just seeing the questions and how it is looking, so I can remember
the formula. I was not reading the question, but I was just taking the numbers. And I
remember the formula, and I plug in.
Adiba also had to rely on the mathematics that was written on the board because she could not
follow the lecture. She revealed:
Maybe because of the vocabulary is new I feel that it was difficult, but when we go
forward in the course, I understand. I think I understand what he is putting on the board
more than understand what he is saying. The math is better when I see it. They use the
same symbols.
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Initially, participants shared that they tried to translate the mathematics vocabulary in Arabic to
make sense of the language. However, Akil pointed out the mathematics vocabulary in English
did not always align with a word in Arabic. He said, “So at the beginning the foundational math
in English you need to learn them. You cannot compare them in Arabic. But you will not get
any meaning for it. For the foundations you need to learn them.”
Participants believed their mathematics vocabulary increased with each new semester. In
fact, Akil confidently stated, “The vocabularies in English were very difficult for me, like from
the beginning, but now I get used to it. So, yes, with time you will learn it.” Adiba
acknowledged she still translates some mathematics vocabulary in Arabic, but she expressed
disappointment in not understanding the vocabulary. “So that is why I translate a lot which
makes me sad because I need to know the meaning because it will help me in the future.”
Participants perceived memorizing and learning the technical, discipline-specific words and
phrases used in mathematics would be an integral part of their future success in mathematics.
Mathematics Language. Both participants realized the transition to learn mathematics in
English involved more than learning specialized vocabulary. In fact, the language of
mathematics was more complex than memorizing and using procedures for mathematical tasks.
Akil noted, “At first when we are doing our homework, so we don’t understand anything. We
ask each other, and we try to get help maybe from YouTube or Khan Academy.” Adiba
revealed, “It is like a different language, like when you taught us. I feel confused because I felt
that it will be so hard that I didn’t understand English mathematics.” The language of
mathematics, which extends beyond vocabulary, is the foundation of mathematics instruction.
Mathematics becomes more linguistically complex when students are required to read, write,
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listen, speak, and represent it. Participants perceived the application problems presented more of
a language challenge. Akil tried to articulate it:
About Precalculus - it is easy, but it is very deep in math, not like college algebra, but
still easy. It’s only in English, so it is a little bit difficult for me. It is important to read
the whole question. There is something between the question and you need to realize it.
Word problems contain nouns, verbs, and prepositional phrases within clauses. These language
chunks are difficult to comprehend. Further, it is challenging to recognize the relationships
between the set phrases to other parts of the word problem. Adiba voiced the language
challenge:
Like if you write the symbols and the numbers, like it will be easy, but maybe if you
write a question or like maybe a sentence in math, maybe in the beginning it will be
challenging for you if you have not studied math in your life.
Language learners experience other challenges in word problems, specifically unfamiliar
sociocultural references. Although participants might know some of the isolated terms within
the language chunks, it is more important to focus on the language combination which provides
meaning to the sentence. For example, Adiba stated, “all international students can read, so we
can read the words. But we don’t understand the meaning the content.” Participants initially
tried to translate the problems in Arabic, but as Adiba voiced:
The hardest maybe when they write a big paragraph, so I need to solve a big problem
from a paragraph. Mostly, I understand it if translate it. The only problem is if I didn’t
know what they wanted me to do, or I don’t know what the problem is in the question.
Participants agreed university instructors have shown examples in class of the exact types of
word problems that they will be expected to solve on the exam. Students practiced those
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problems in homework and quizzes, so they only had to remember the formula on the exam to be
successful. Akil said, “Here they give us on the exam the same as the homework problems, the
same formula of the question. In Oman, on the exams they make it complicated more. The
instructor doesn’t give examples like the homework.” However, participants acknowledged how
difficult it was to solve a problem if they did not have prior information or instruction about the
content. In fact, Adiba remembered:
Some questions I think are new. I was shocked, and I get wrong answer because I did not
translate maybe some words. I didn’t know the meaning. They change the meaning of
the question or the words, so I answer the wrong problem because the English is
important.
In other words, there are still times in the classroom when the instructor’s language is not clear to
the participants. Akil acknowledged, “Most of the times when I see the steps, I know which
question he is explaining, but there is a few questions you need to read the question well to know
the numbers that you have to answer the question.” Language-based mathematics instruction is
synonymous with mathematics discourse. At its core, students must understand the precise
mathematical language, the terminology to explain the content, and the meaning behind the
concepts. Akil noted, “I can remember the name in Arabic, and I am comparing it. But there are
still some equations that you need to focus on what the instructor is saying because it will really
make a difference for you.” Adiba also noted how the language impacts understanding.
It has helped me to think in English in math. Now if I returned home, it would be easier
because I have studied more a lot of math in English. Maybe I will have more benefit
because I know the words that we have learned. I think the words explain the symbols in
English.
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Therefore, both participants acknowledged the role of language in thinking through mathematical
processes.
New Processes. Another transition to university mathematics is the realization that
students from different languages and cultures have learned mathematics concepts in
dramatically different ways. It is erroneous to assume that mathematics concepts and symbols
are culture-free. Although Adiba viewed the textbooks as being the same, she seemed surprised
that Americans had different algorithms to solve math problems. She said, “when we solved
solutions maybe the process is different.” For that reason, she concluded the math is “more
difficult here in English.” Although mathematics is a language, the notation, algorithms, and
approaches used for teaching and learning mathematics vary. Akil remarked, “There are a few
questions that I have learned a new way, an easier way to solve them.” Adiba elaborated on the
thought, “It is the same symbols and numbers, but we also have different numbers in Arabic. But
I think they are the same. But maybe the process of solving a problem I think we have different
ways.” Participants did not express frustration with the new processes, but they acknowledged
that it was a challenge to learn them. Adiba said, “Textbooks were the same, but when we
solved solutions maybe the process is different. It is more difficult here in English.” It will take
time to adjust as students move between the context with different mathematical practices. Akil
noted, “Like maybe the key words or the shortcuts that the Americans use. It is really a new
thing for me, but I think I will be used to it in a few months.” Initially, participants wanted to
solve problems the way they first learned, but the university professors want students to solve
problems the way they are taught. Adiba commented:
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In Business Calculus, on paper, it is challenging because we learn a different process, but
in my head, what I took in school is much easier. So, I do what I learn in school. The
instructor told me it is a good way, but I need to do it this way.
The negotiation between the different mathematical processes was an adjustment both
participants were willing to make. In fact, Adiba concluded, “Maybe here I learn new processes
to help me in math more.”
Mathematics Placement.

One of the biggest shocks to the participants was the

difficulty of the university’s placement exam. Although I cautioned them in the ELM class
about the language impediments on the exam, it did not resonate with them. I had the
opportunity to proctor the exam several years ago, so I was aware of the language challenges in
the questions. Students must pass 80% of the 15 multiple-choice problems to progress to the
next level of placement. There were problems that required knowledge of mathematics
vocabulary such as, “Which of the following is an integer?” Another problem with similar
subject specific vocabulary was “find the slope of the following line.” However, there were also
problems that utilized other all-purpose academic vocabulary used across content areas such as
evaluate, simplify, express, and determine. One example of this problem was “evaluate the
function at the following point.” Students who had not been exposed to the academic language
of mathematics in English were disadvantaged on the exam.
Adiba was confident that she could have performed higher if the placement test had been
written in her home language. She recalled:
This was my first time maybe in English on a mathematics test, but I have taken a lot of
math tests before, but just in Arabic. I was confused in the first day in orientation, and
maybe if the exam in Arabic, I would do better.
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She believed the reason she did not score higher was because of the mathematics vocabulary.
“The placement test, I think it’s easy. But because I am confused a little bit and I didn’t practice
before I go to the test, I forget some words. I actually answered a lot of questions not correct.”
She scored well enough to avoid the remedial mathematics, so her placement did not have any
lasting effects on her degree plans as a business major. In fact, she will not progress to advanced
university mathematics beyond statistics to complete her degree.
Akil, on the other hand, had been warned by his friends about the placement test. There
is pressure for first-year engineering students to place into calculus since it is a prerequisite for
second-year engineering classes. Although I encouraged my students to study the handouts from
the ELM class before they took the placement test, he went back to Kuwait for seventeen days
prior to orientation and did not study. Akil now understands the gravity of his decision.
Before the university, everyone was telling me, you are going to start from Intermediate
Algebra, and you are going to be late. Also, Precalculus is more difficult than
calculus. You should go to calculus I from placement test. That was scaring me in the
beginning. So, I am an engineering student, and I have a lot of subjects that will open up
after calculus I. Now I am waiting, and I don’t have a lot of subjects to study.
As an electrical engineering student who placed into remedial mathematics, Akil is several
semesters behind in his progress toward graduation. Additionally, he is taking mathematics
classes that are easy for him. In fact, he noted, “but now I am in Precalculus, and it is ok. It is
easy. You just need to study and focus on it.” His only comment about the actual placement test
was “If they let us use calculators on the placement test, that would be very helpful for me.”
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Adjusting to Differences
Language is one of many elements that can impact learning mathematics. Student
success in mathematics is determined by the extent to which language learners orient themselves
to the English language for mathematics. International students face anxiety when moving into a
new culture and are disoriented by this dependent state. Culture shock is a word used to describe
how international students adjust to differences that divert energy and attention away from
second language learning. Adjusting to differences is another theme that emerged among
participants as it related to their challenges as mathematics learners. This theme is interpreted by
course delivery styles, teaching styles, and time demands. Most first-time university
mathematics students must adjust to new course delivery styles since technology is a major part
of the participation and grading structure. In this university, the beginning sequence in
undergraduate mathematics of Intermediate Algebra, College Algebra, and Precalculus Algebra
is taught in a similar format. All participants attend class regularly and listen to lectures.
Instructors either write on the board or talk through Power points that are later uploaded onto
canvas. Instructors of mathematics classes, below the level of advanced calculus, take advantage
of educational technologies that connect to the school’s student information system and learning
management system. Instructors can monitor student progress through online homework,
quizzes, and tests. Mathematics students complete assignments at their own pace, receive instant
feedback, and get on-demand support through the software program.
Course Delivery. Both participants indicated they did not use computers in their
secondary schools. Akil mentioned that only calculators were utilized for mathematics learning.
He considered this tool an integral part of solving mathematics problems. “The first thing that
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was shocking me was that we are not going to use a calculator. That was really difficult to me.”
He also acknowledged the challenge of learning mathematics with technology.
Learning mathematics using a computer was a new challenge for me, but I think it is easy
for me because you just need to be just focused with the instructor and leave your phone
away. And you will understand everything.
Adiba experienced some frustration about the inconvenience of participating in MyLabsPlus,
especially since students are expected to spend mandatory hours in the Smart lab to complete
assignments.
They want us to be in SMART lab, weekly two hours. So, I think I can’t do it because in
College Algebra I sat for more than two hours. But in Business Calculus, I have another
hard subject, so I don’t have time for SMART lab. I want to do it on my computer at
home, but it is open in SMART lab only.
Although neither participant complained the transition to technology affected their success, they
acknowledged the learning curve to adjust to the online software.
Besides the issue of convenience, becoming comfortable with the symbols and how to
type them into the program were their biggest struggles. When I asked Akil about the challenge
of the technology, he responded, “yeah, because I don’t know the symbols in the beginning, but
now I am an expert.” Akil specifically mentioned one of the features in the online homework.
“There is a thing in the Intermediate Algebra called workspace. You need to write each step, and
when you enter and if you write a wrong symbol, you get a bad grade.” When I asked Adiba
how she felt about computer assignments, she remarked, “first, I feel confused because I don’t
know the symbols in math on computer.” Ultimately, both participants viewed the technology as
a support in their learning of mathematics in English, which I will report in my findings for the
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second research question. However, the different course delivery style, with online homework,
quizzes, and exams, was initially a challenge for the participants. Akil concluded:
There is a transition for solving the assignments from paper to a computer, but since I am
a guy who like technology and computers, so it wasn’t so difficult for me. I am always
like using my computer to edit photographs because I am a photographer, so it wasn’t a
big deal for me.
Although the participants were unfamiliar with the technology, they embraced the differences
and adapted to new course delivery styles in mathematics.
Teaching Styles. Another adjustment for the participants was the different teaching
styles in the mathematics classes as compared to their secondary experience. Participants’
perceptions about the instructors’ approaches to teaching and to interaction can influence the
students’ ability to comprehend the mathematics content and to successfully complete the course.
Participants found the social organization of the classes to be comparable to their high school
mathematics classes. That is, teachers utilize a lecture style approach but invite questions and
discussion. Comfortable and productive participation with proper consideration of
communication styles was a support to students as they navigated the transition to university
mathematics. However, both participants expressed dissatisfaction because university teachers
did not cover the content comprehensively like they were accustomed to in their own countries.
Akil responded:
The instructor is not showing us everything, so you need to study everything by yourself
or maybe your friends can help you. Here you need to figure out and study by checking
everything in the book. This is not like this in Kuwait. He (the teacher in Kuwait) is
showing us every single thing in the book, and he is solving in front of us.
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Adiba had a similar experience in her high school mathematics class.
Because I felt it was a new thing and at first I felt the instructor did not explain the topic
clearly or he give us not the difficult questions, but when we answer the homework, the
homeworks are more difficult than what the instructor say. So, this is a problem.
Overall, both participants had good things to say about their instructors, but the new teaching
style created some disadvantages for them, especially as language learners. Akil resolved the
issue by saying, “Here you need to open the book and study a lot of different equations that the
instructor did not mention.”
Time Demands. One of the major adjustments, based on participants’ perceptions of
their transition to learn university mathematics, was the time demands. Akil recalled,
“Precalculus Algebra is a little bit similar to what I have studied in the high school, but in
English. So, there is a lot of things that they are the same, but just language is different.” Both
participants realized that rote learning of mathematics is not sufficient to meet the demands and
requirements of university mathematics. Adiba said, “So at my first days, I was just seeing the
questions and how it is looking, so I can remember the formula. I was not reading the question,
but I was just taking the numbers. I remember the formula and plug in.” Further, students are
expected to learn mathematics with understanding. In their first mathematics classes at the
university where language is an issue, participants watched videos in Arabic that explain the
concepts before they can complete the homework assignment. Adiba revealed:
I watch videos in YouTube. I watch Khan Academy, and I watch some videos in Arabic
if I want to know the meaning. I click randomly in YouTube the videos that I need. If I
don’t know the meaning of something, I feel that you need to study this in Arabic. You
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wouldn’t pass in math here. I learn fast in math here. I always translate the question
which makes me sad.
In her first class, College Algebra, she admitted she studied mostly in Arabic. But once she
advanced to business calculus, she wanted to learn the English and watched more videos in
English.
Time was an issue when learning mathematics in English for both participants. Initially,
they processed mathematics in Arabic before they solved it. They listened to the information in
English, translated it into Arabic to make sense of it, determined the correct answer, and then
considered how to communicate the response in English. Both participants generally defaulted
to the Arabic language to complete their mathematics assignments because of time. Akil noted,
“College Algebra was a little difficult with the time. It was not like Intermediate Algebra. It was
extremely easy. College Algebra was easy, but there were some equations that need me to get
my paper and pen to solve it.” I asked both participants if it took them a lot of extra time to
finish homework because of the language. Akil responded:
Maybe at the beginning, but now I don’t think so. It’s normal for me because the exam is
always focusing on what we have studied. At first, you need to do homework and
quizzes, so it will be fine with me because I have learned all of this. I just need to
remember.
Adiba acknowledged before the pandemic, when classes were meeting in person, she was
stressed for time. She lived off campus and going to the university and back took a lot of her
valuable study time, but once classes switched to distance learning, she had more free time.
It also took time to feel comfortable with the mathematics vocabulary. Both participants
recalled that it took them several semesters to adjust to the language. Akil stated, “Maybe two
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semesters, like from the beginning, with the Academic English with your class and then with
Intermediate Algebra, we are learning also more vocabularies.” I asked Akil what percent of the
lectures he understands now in his Precalculus Algebra class, which is his third university class,
and he replied, “From 90% to 95. Yes, I really know that. I don’t want to lie and say 100%.
There are some few vocabularies that I don’t understand, but I go to ask my friends.”
Adiba expressed understanding word problems in her mathematics assignments required
extra time too. Since she took Business Calculus, which is more of an applied calculus, Adiba
recalled the difficulty when confronted with language-intensive problems. “Business Calculus,
because it is about business, there are so many stories. Like I need to remember my English
before I start to answer. If it’s in Arabic, I can do it in a short time.”
Lacking Formal Interactive Opportunities
There is an academic language principle in mathematics that states if language learners
can learn to express their mathematical thinking and reasoning in precise academic English, they
can learn to engage productively in mathematical discourse with other students (NCTM, 2012).
In other words, learning mathematics is a socio-cultural activity, and students need to interact
with others to fully participate in the learning experience. Akil remembered his summer
mathematics course was online “so almost all the class was recorded. I didn’t watch any class. I
was just in MyLabsPlus.” Since College Algebra was easy for him, he navigated the course
independently. Adiba talked about her current mathematics class. “The instructor in Statistics
gives us a video, but it is not the same as in person class.” Lacking formal interactive
opportunities was the last theme that emerged among participants in relation to their challenges
as mathematics learners. This theme is interpreted by distance learning and language/cultural
disparities. Both participants were in their second semester of Pathway when the pandemic
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enveloped the country and universities were forced to transfer the academic curriculum to an
online format. They were forced to continue their spring classes, after spring break, with
distance learning. Obviously, this had an impact on the students’ ability to interact with the
teacher and other classmates.
Distance Learning. Akil perceived few disadvantages with the transition to online
learning. Akil has a wide circle of friends and has continued to work on his mathematics
assignments with his friends from Kuwait. He actually prefers asking questions in the online
class because “when I ask other students, they can’t see me. So, I am comfortable with it.”
However, Akil mentioned it was more difficult to seek help from the instructor. “We do our
best. We don’t like to ask the instructor a lot of questions because he teach around 600
students.” Adiba, on the other hand, had many challenges with distance learning. She struggled
to interact with the instructor, with the content, and with other students. She expressed feelings
of isolation from her classmates and difficulties to enlist help from others. Most of her student
interactions occurred with classmates from Oman. She felt disadvantaged by video lessons
presented by instructors in distance classes. Since they were pre-recorded, rather than live, there
was no interaction with the students. When I asked about the online videos, Adiba
acknowledged they did not adequately explain the content:
In the distance learning, maybe they don’t explain by doing a video. They only give us
the questions, and we need to solve it. So, we didn’t learn sometimes in some topics, so
we need to have live session. Yes, there is a video, but it is not live. We can’t interact.
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As a result, she found it difficult to complete the homework.
Because I felt it was a new thing and at first I felt the instructor did not explain the topic
clearly or he give us not the difficult questions, but when we answer the homework, the
homework is more difficult than what the instructor say. So, this is a problem.
Adiba was challenged to interact with the instructor too. “There is no difference in tests and
homework, but there is a difference maybe when you contact the instructor. It was easier when it
is in person.”
Adiba valued her interaction with other students in the class. She remembered in
Business Calculus, before the pandemic, she had a peer leader who helped her understand the
difficult concepts. “I think the peer leading in Business Calculus, the teacher assistant, they give
us a question, a hard question, so they teach us how to solve it. I think peer leading is good.
Now it is zoom or blackboard.” I asked Adiba if she missed the interaction with her classmates,
and she replied:
Yes, I wish that maybe the instructor do a group activity that I need to check with
Americans because they have their ways to answer the question different than my way
and other country’s ways, so we learn a lot from them. I think I wish that they focus a lot
on this point.
Adiba relied on her interactions with other classmates to understand the homework. “I think I
will want to learn as much as I can in person. Talking with people has helped me a lot. It has
impacted my mathematics learning, and I think it’s help me.” With distance learning, she was
isolated and had a difficult time interacting with the content.
In class we connect with other students, but now there is no connection. Like I am
working individually. Sometimes it is challenging in homework. In person we did a
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group before it was online and yes, it was allowed. Yes, it helped me, maybe I don’t
understand some parts, and they explain it to me.
Language and Cultural Disparity. Another challenge to interactive opportunities is a
result of the language and culture differences among the students. When the participants first
arrived in the United States and enrolled in the Academic English program at INTO, they were
surrounded by international students from other countries. Adiba recalled, “In INTO, we talk a
lot because we are together, and there are a lot of group sessions.” In other words, the formal
interactive opportunity was a bridge for international students to connect to students from other
countries. “But, in Pathway, it was individual work, so there is no interaction. Only if we ask for
help, they will help you.” Akil had a similar experience with INTO.
In Intermediate and College Algebra, there isn’t students who are from the United States.
Most of them are international students. So, at the beginning, I started learning with the
people who speak Arabic, and I am still learning with them, like in the Precalculus.
Adiba also interacts with classmates from her own country. “Mainly I study with students from
Oman. When I came, I had classes with them, and I live with them. It’s just easier to talk with
them.” Although Adiba voiced that she studies mathematics mostly alone, she indicated she
learns mathematics better when she can talk with someone about it. “Because my language is
weak, because we did not interact, there is no one to talk with, and that is how I learn.” She
added that if there is something she doesn’t understand, “I return back to my friends from
Oman. There are some students taking like me, like my level, and there is some taking higher.”
Finally, I asked both participants about their impressions of the American students. Akil
has taken advantage of opportunities in his class to meet and to socialize with Americans.

128

However, Adiba has a different perception.
I think they are friendly. When we ask for help, sometimes we think that they don’t want
to talk to an Arab. I don’t know why I think, but sometimes we think they want to talk to
us. I think they have a small circle that are friends. Only I don’t know how they think
about us, so maybe I am afraid to talk to them.
When I thanked Adiba for participating in three virtual interviews with me, I was surprised by
her response. “I need to thank you because I think I need to talk to someone in English. So, you
helped me a lot. So, thank you.” Both participants wanted to interact with students and
classmates from other cultures, but they had limited opportunities to engage with diverse others,
especially after the pandemic.
Conclusions from Research Question 1
As I reflected on the themes I identified from participants’ quotes, peer review, and
careful examination of my personal notes and memos, I included my own understandings to
further answer the first research question. When I asked the participants how they would
describe their learning experiences in mathematics at the university, both participants had
difficulty articulating specific experiences. I had to ask more detailed questions to get feedback
about each aspect of mathematics learning. I asked them to tell me about their teachers, their
textbooks/content, technology, and interactions with others in and out of the classroom. When
they spoke about the transition to learn mathematics from their home country to the United
States, they recalled their greatest challenges included overcoming initial shock, adjusting to
differences, and lacking formal interactive opportunities. I expected gender differences to play a
major role in their interactions with others. I asked them questions about gender differences in
every interview, as I realized the religious significance of these interactions with opposite
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gender. Yet, on every occasion, both participants – one male and one female – replied that it was
not an issue. I found it interesting both participants were surprised at the impact language has on
learning and understanding mathematics. Yet, neither participant was forthcoming to share any
cultural differences that were significant to learning mathematics. Their recollections about their
mathematical experiences at the university were shrouded in their opportunities to learn from
diverse others in and out of the classroom. Finally, both participants recognized a difference in
the way they learned mathematics in their secondary schools in comparison to the practices in
which they are expected to learn at the university level in the United States.
Reflexive Thematic Analysis to Answer Question 2
Research question one (RQ 2) In what ways do two Arab undergraduate students
perceive their supports to learn mathematics in English in the United States? I asked the
participants questions related to their support in the transition from secondary school
mathematics to university mathematics; people who have had positive or negative influences;
available supports for the mathematics classes; utilization of resources for learning; help-seeking
behaviors; managing time; and best strategies for learning mathematics. I used reflexive
thematic analysis to identify three themes: (1) Using multiple resources, (2) Learning
mathematics as a discursive activity, and (3) Developing independence as a language learner in
mathematics. See Table 6 for a description of the themes that emerged.
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Table 6. Themes for Participants’ Supports
Using Multiple Resources

Learning Mathematics as a
Discursive Activity

Course design resources

Meaning making

Developing Independence
as a Language Learner in
Mathematics
Accumulation of experience

Linguistic resources

Self-created opportunities

Recognition of value

Cognitive resources

Commitment to succeed

Social resources

Using Multiple Resources
Using multiple resources is the theme that emerged most often related to the participants’
perception about their support to learn mathematics in English. Both participants utilized course
design resources, cognitive and linguistic resources, social resources, and they focused on
language rather than content in their early mathematics classes. Both participants discussed
several aspects of course design which influenced their opportunities to learn mathematics in
English. Participants mentioned MyLabsPlus, SMART lab, exams, and participation structures
which aided them in the learning process. Mathematics instructors design courses in the United
States which are beneficial to language learners. For example, both participants spoke favorably
about the use of technology in learning mathematics from accessing schoolwork on canvas to
completing mathematics homework online.
Course Design Resources. I asked the participants how they benefited from MyLabsPlus
in their learning of mathematics in English. Adiba responded about the convenience factor. “It’s
helped me because I can do the homework every time, everywhere. It is more convertible
because I sit in the coffee shop or in my home, or any time I can do it.” She mentioned the
online homework provided a lot of problems that helped her practice what she learned in class
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and helped her remember the concepts from the lecture. Additionally, she remarked, “I think it
is helpful because I solve a lot of problems there, but after class so the lecture will likely save in
my mind. I try to practice what I learned.” When I asked Adiba if she had problems
understanding the word problems in the homework, she answered, “I understand them because
the instructor gives us a lot of homework, so we see a lot of types of formulas. So, it has become
easier.” Adiba perceives the expectation to complete all the homework online has reinforced
what she learned in class.
Akil also likes the convenience of the online software. “I was going to my private tutor
and asking him how to solve this if I forget. Here, you just click on a button, and it helps you
with everything. You don’t need anyone to help you.” He commented on the extra support that
is available in the online homework.
There is something helpful in MyLabsPlus. It is called “help you solve this” and gives
you every single step. I like watching the steps then I compare how they are answering it
with my answer. In this way I learn more.
The extra features that are available in the software are helpful to all mathematics students, but
especially language learners who rely heavily on numbers and symbols to construct meaning.
Another feature in course design at the university is the utilization of a SMART lab.
Students are required to spend two hours a week in SMART lab to complete homework and
quizzes in MyLabsPlus. Although students are not required to complete all of their homework in
the lab, they must take all quizzes and exams in the lab. This innovative learning environment is
useful to provide technology and tutoring assistance which supports students in the early
introductory mathematics courses. Although Adiba expressed her frustration about the
inconvenience of mandatory attendance in SMART lab, both participants spoke favorably about
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their experiences in SMART lab. I asked participants how SMART lab aided their mathematics
learning. Adiba explained, “SMART lab helps me a lot because there are a lot of students and
assistants. If I need to understand something in the homework, they explain to me. I think Smart
lab is a good idea.” Akil further commented:
Me and my friends go to SMART lab together. We spend two hours, and sometimes we
get stuck. There is a tutor in smart lab, and he will come and help you with the question.
He has a white board, and he help you step by step.
Participants often found interactive opportunities with diverse others to be lacking on the college
campus because of language and cultural differences. Hence, having exposure to live tutors
when they worked on mathematics assignments was perceived as a big support for them.
Instructors’ assessment practices were also viewed as a learning support for the
participants. Mathematics instructors give practice exams before the actual exam, and the
students can work together to solve the problems. Adiba explained, “Before the test, they give
you a sample exam, and they are the same questions. So, I remember the same words I have
translated.” Akil shared a similar thought.
Yes, there is a practice exam on the computer in the MyLabsPlus. You are supposed to
do it by yourself, but like we gather in one apartment and we do it, each of us by
ourselves. But if anybody have a question, we ask each other and explain it.
Adiba also commented on the content of the exams.
The exams are the same as the homework and the quizzes, so it is easy. In my country,
they add new questions. Here they only change the numbers. But in my country, no, they
change the formula of the questions, so we need to think before.
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Adiba said that in Oman the exams were more complicated because the instructor didn’t give
examples like the homework. Because she is exposed to “the same formula of the question” in
the homework, she is not required to make meaning of new words.
Finally, participants spoke favorably about participation structures in their mathematics
classes. This aspect of course design can differ dramatically as students transition from
secondary schools to universities, especially from a different country. University mathematics
classes, especially the upper division courses, are generally presented in a lecture format.
However, the introductory courses can be more participatory. Both participants reacted strongly
about their level of comfort in asking questions. Adiba recalled:
Sometimes if I don’t know the question, I send it to my instructor, or I go to the office
hour online to solve the question. The College Algebra instructor, I don’t remember the
name of the instructor, but he posted videos in canvas. That helped me a lot because he is
explaining the answers to the questions, so I think he was so helpful.
Akil had a similar experience. “The instructor is asking us at the beginning of class if we have
any questions about last homework in MyLabsPlus. So, students are asking him, and he is just
answering the questions from the students.” Another important feature of class participation is
the use of clickers. Akil explained, “We are having the clicker thing, so during the class, the
instructor is asking us some questions. And we need to answer them by choosing the multiple
choice.” Participants believed participation in class improved their mathematics learning.
Linguistic Resources. International students also transition well to university
mathematics because of cognitive and linguistic resources. Participants utilize multiple linguistic
resources such as social media, videos, and other forms of technology. When they were first
learning the vocabulary, it was essential to compare the words in Arabic to make meaning of the
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mathematics. Akil explained, “First, they need to understand the vocabulary and compare them
to what we have studied in Arabic. So, this vocabulary will mean this thing in Arabic, and this
will be very helpful for them.” Adiba acknowledged she had to watch videos in Arabic initially
to complete her mathematics assignments. “Sometimes I translate them or go to an Arabic
website and see the same with the question and see how it is the same and they solve it.”
However, now she can watch videos in English. “But if I don’t understand, maybe I search in
YouTube, sometime in Arabic but mostly in English.”
Akil voiced similar reactions to the use of linguistic resources for learning mathematics.
“When I am stuck, I need to watch a video. Sometimes I watch YouTube videos or Khan
Academy. Do you know it? It is really helpful if you didn’t understand it.” When the university
transitioned to distance learning in the spring, he did not want to bother the instructor. He and
his friends looked for other ways to get help. They connected with other students in the class via
social media outlets. Akil said:
On the first day of class, some of the students do a group in GroupMe and some of them
join a Snapchat or Instagram. If you want to, you just join this group, or you can chat
with them and ask questions.
These linguistic tools such as social media, online instructional videos, and other technology
platforms were valuable resources for the participants.
Cognitive Resources. Participants had cognitive resources that support the transition as
well. In every interview, participants recalled how background knowledge was essential for their
early success in mathematics. They stated multiple times that the topics are the same. In fact,
both participants thought the classes were easier at the university compared to their home
country. Adiba said, “I think college algebra here, for example, is easier than Oman.” Akil
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agreed. “With Intermediate Algebra, everything was so easy with me. I remember that I have
studied it in the middle school, so it was so easy. College Algebra was easy as well.” Both
participants said their earlier studies in mathematics made university classes less difficult. Adiba
perceived her learning experience this way:
They present lessons the same, but here in the university is much easier. It is easier
because I have a background about it. I have studied calculus in Oman, so I have a little
bit of background, so makes it easier. When I start study business calculus, I think it hard
because I didn’t remember what I study in the high school. When we go forward to the
subject, I remember something, like my memory is like I know it, so I search in
Arabic. So, yeah, it become easy.”
When I asked Akil what people have had a positive influence on your opportunity to learn
mathematics at the university, he replied:
I think the most people that give me a positive affect learning math in the university,
those are people from my home country, because here we have studied the same things in
high school. When we remember something, we study here in the university, we say, ‘do
you remember that from high school?’ That was helpful for me, remembering what I
have studied in high school and understanding them in English.
There was value in making connections between the mathematics content of the university class
and the students’ previous background knowledge.
There was another benefit for participants to have background knowledge of the
mathematics in the introductory courses. Since the mathematics courses were so easy for the
participants, they could focus on mathematical language rather than mathematical content. Akil
noted, “Like I mentioned before, starting from the beginning was a really good thing for me
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because I didn’t focus on math problems and math stuff.” In fact, Adiba believed it afforded her
time to learn more vocabulary. “College Algebra helps me because it is like what we learn in
high school, but in English. So, it helped me to remember the word and learn a lot of
mathematics words in English.” When I asked Adiba when she felt most secure in studying
mathematics, she responded, “Maybe if I have a background about it, and I search the internet
about the topic. We need a background before we come to the university because it helps us a
lot.”
Akil further explained an additional advantage to having time to focus on the
mathematical language.
Since the class with you and INTO, I was remembering that this formula I studied in high
school, so I didn’t need my phone to translate most of the things. I was just remembering
them and comparing the way other instructors were saying it.
In other words, if students did not need to spend time translating the words and they already
understood the mathematics, they could focus on the English and improve their mathematics
language. Both participants shared the benefit of studying “easy” mathematics several
semesters in English to learn the foundations of the academic vocabulary. “It wasn’t like a stress
thing for me. So, when I learned it in two semesters, starting from the easiest math ever, it was a
good thing for me.” Additionally, participants believed their listening skills improved, and they
understood the academic language over time.
Social Resources. Finally, participants perceived social resources enhanced their ability
to learn undergraduate mathematics in English. I define social resources as anything that can be
used as an exchange among people such as information or services to promote mathematics
learning. Participants named teachers, fellow nationals, classmates, and others as their social
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resources. When I asked the participants about their instructors, they had only positive things to
say. Akil stated:
I have had great instructors. Yes, if I have any questions, I am asking. I send them an
email asking them if I have any questions. Or if I remember the question, I write in
down, so I can ask them during the class. Our instructor in the Precalculus, if you have a
question about anything, he is going to explain everything before class.
Adiba specifically mentioned her College Algebra instructor. “I don’t remember the name of the
instructor, but he posted videos in canvas and that helped me a lot. He is explaining the answers
to the questions, so I think he is so helpful.”
The approachability of the instructors is important to the participants. Akil was
especially impressed that instructors were willing to engage in friendly conversation. He had a
great connection with his Intermediate Algebra instructor.
I have had great instructors. Yes, if I have any questions, I am asking. I always ask
about them. Also, with Intermediate Algebra, my instructor, she is from the Bahamas. I
ask her about the Bahamas, and she answer my question. It is a good thing to talk to the
instructor and know them. I am a lucky guy to have them.
Not only did they like their instructors, but they were comfortable to connect with them outside
of class. In fact, they sought instructor’s help to answer questions about the content or the
homework. Adiba remarked:
They speak good English, and I can understand them. I do get in touch with my teachers
online. I send them emails, and I met them in office hours. I meet with my instructor in
blackboard. I do it if I have some questions for a test or if I need help.
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Yet, there is a sense in which they do not want to bother their instructors because they perceive
the instructors to be too busy. Akil concluded he rarely went to the instructor for help because
he could get the answer from other sources.
One of their greatest social resources was their fellow nationals, other students from their
own country or surrounding country. When I asked Adiba who helped her with homework the
most, she responded:
I think my roommates or my friends from Oman. They have took the class before, so I
tell them to teach me what they study and they translate for me the words. And I think
this help me. I study with my friends that already had the course. We study together
when we do our homework, so when I have a problem and question, they told me the
answer or the process of how to answer the question.
Akil is very social and has a big study group, mostly from the Middle East. He said:
Since Intermediate Algebra, I am always gathering with my friends from Kuwait or Saudi
Arabia, and we always help each other. We all live together. They are my neighbors. We
gather together and help each other.
Participants spent most of their study time with their friends from home, but they wanted to
establish relationships with classmates, especially with Americans.
Akil’s instructor in Precalculus encouraged the students on the first day of class to set up
a Snapchat, so he is interacting with Americans in the class on social media. Now, Akil is taking
advantage of other social media apps like Instagram and GroupMe to connect with his
classmates. Akil said:
We have a group in Snapchat with the Americans. Sometimes I have a few questions in
there, and we help each other. The Snapchat group, they are all from the United States,
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and like if all my people are stuck on the same question, we just go there and ask them.
Sometimes they do sessions and get together and study. Sometimes we go out. Like I
remember one time we went to a restaurant.
Akil felt comfortable asking questions about mathematics because he perceived that his fellow
students, who are from a lot of different countries, were now his friends. He concluded, “Also, if
you have any questions and the instructor is busy, you can ask anyone in this class. All of them
are your friends.” Adiba did not mention the use of social media or the opportunity to interact
with her fellow classmates. However, she spoke positively on several occasions about the peer
leader/teacher assistant in her Business Calculus class.
Learning Mathematics as a Discursive Activity
Learning Mathematics as a Discursive Activity is another theme that emerged from
participants’ perceptions of their support to learn mathematics in English. Both participants
described their previous mathematics learning in secondary school as individualized. Adiba
noted “It is a lot of multiple choice and a lot of weekly homework in my country. I did mostly
individual but there were some activities where we need to work together like group projects.”
Yet, I noticed a shift in the way they described their learning at the university. Their initial
learning experiences from high school had been transformed into more of a collaborative
learning structure as they recognized the language demands of learning mathematics in English.
Akil expressed the value of group learning with his experience in an engineering class back in
the spring. “We had the group with the three Americans, so we were chatting on iMessage and
having group meetings.” Both participants attributed two important aspects of learning to their
success in university mathematics: meaning making and self-created opportunities. They
indicated occasionally doing group work in high school, but most of the time they listened to
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their teachers provide examples for them to follow. Even Akil, who had a private tutor to come
to his house for mathematics instruction every week, informed me that his tutor was “reteaching
from the book and he was solving each step in front of me so that I can stop him whenever I need
him to repeat the step or if I have any questions.” Hence, mathematics learning was more of a
listening exercise than an interacting activity.
Meaning Making. The importance of interaction cannot be understated in mathematics
learning. Both participants spoke openly and frequently about their reliance on their Arab
friends for help and support to make meaning of mathematics in English. They worked together
on homework and talked about concepts in Arabic to make the connection in meaning between
the English and the Arabic. Participants viewed their ability to understand mathematics to be a
discursive activity. In fact, participants believed communicating mathematics orally was helpful
to understanding and wished there were more opportunities to verbally communicate with others,
especially Americans.
It has been said that typical mathematics classroom practices seem to thwart the use of
students’ narratives. In other words, students are not given opportunities as meaning makers and
mathematical storytellers. The knowing of mathematics is synonymous with the ability to
participate in mathematical discourse. Since mathematics is a language, the notion of discourse
and communication are central to meaning making in mathematics learning. Adiba made an
interesting observation about her experience learning English in Oman.
We didn’t interact in English, not like here. We learn only and apply what we learn in
the exam, but we didn’t talk in English in Oman. I think I learn nothing. Yes, I think this
is an important point. In my country, they study in the university English and they study
in the high school and from grade one to high school English, but they didn’t talk in

141

English, like when we study in the United States. Even one paragraph, they can’t say
and talk, but they are doing good in the universities. But because it is only about learning
and apply in the exams, I think we won’t learn a lot if we do like this.
I realized the context of her experience was related to learning English not mathematics. Yet, the
significance to the language of mathematics is the same. In other words, because one knows the
mathematical vocabulary and can replicate procedures on an exam does not equate to conceptual
understanding of the mathematics. If students focus on procedures and rote learning rather than
negotiation of meaning and development of understanding through participation, it will limit
students’ ability to build mathematical knowledge.
Adiba loved the peer leading in her business calculus class, as it gave her a reason to talk
with Americans and other students in the class. She thought she remembered and learned more
when she explained mathematics to others.
In peer leading, we talk together because we study in groups, so Americans teach me how
to answer. I learn from them. I think like the peer leading is very helpful and because of
the peer leading there is a group activity, so that’s why I think it has improved my math.
And maybe when someone tell me that, ‘please can you explain for me how to answer
this question’ and when I explain the question, I think I remember a lot and learn a lot.
When I asked participants to explain their initial experiences of learning mathematics in English
in the ELM class, they shared similar responses. For Akil, he understood the mathematics by
pronouncing the words and answering in class.
The first class, I didn’t understand anything. Then, when you give us the handouts, I try
to translate the words, and then we talk in class. We actually need to pronounce this
word and remember it, so when we answer in class, it helped me to remember the word.
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Akil believed that he retained the mathematics vocabulary once he communicated face-to-face
with someone in the class. Adiba related her involvement in the ELM class.
When we start to answer questions and solve a problem, it become easy because we need
to talk about the problem and how we solve it. And that helped me a lot to remember the
word. And when I return to my room and I start to answer the questions, I remember the
word that we learned in the class and it help me.
Adiba noted talking about a mathematics problem and engaging verbally with the content helped
her to make a mental connection with the language. Participants valued their mathematical
discussion with others, as it provided meaning making for the mathematics they were learning in
English.
Self-created Opportunities. Hence, both participants realized they needed to create their
own interactive opportunities to understand the mathematics. As I mentioned in the resources
section, they utilized a variety of social resources, but it was their own initiative that provided the
impetus to make the connections. For example, Akil said, “Most of the time I ask my friends,
like maybe around 8 to 10 guys who are taking precalculus and with the same instructor. When
they explain it for me it will be so easy. so now I am understanding a lot of things.” Akil took
advantage of opportunities to communicate on social media with classmates, to ask questions of
the instructor in class, and to complete online homework assignments with his friends.
Similarly, Adiba utilized office hours with the instructor, participated in peer leading sessions,
and worked closely with friends to understand the content. Adiba summed it up.
They make me talk about math in English which help me improve my English and my
understanding in general. So, when I answer the homework, I can read, but I can know
the meaning if I check with someone.
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Developing Independence as a Language Learner
Another theme that emerged as it related to participants’ perception about their support to
learn mathematics in English is moving toward taking ownership of their learning. Both
participants are in their fourth semester of mathematics, including the ELM class that I taught
when they first arrived in the United States. Participants have succeeded in every class and
performed at a high level. They perceived they had learned a lot and were able to understand
most of the lectures in English, compared to when they first began. Participants gained
newfound independence in their ability to learn mathematics in English. They were optimistic
about their ability to succeed in future mathematics classes. They perceived this new stage of
learning to be the result of three things: an accumulation of experience, a recognition of value,
and a commitment to succeed.
Accumulation of Experience. Overall, by the end of Pathway and the beginning of their
acculturation experience in university mathematics, students started to feel they had developed
some competency in learning the language of mathematics. Although students were initially
overwhelmed by the amount of time needed to learn mathematics vocabulary, to complete
assignments, and to understand lectures in English, they learned how to manage time by staying
organized and focused on their pursuit of mathematics knowledge.
Adiba is now in her fourth mathematics class at the university, Statistics, and she
perceived her academic language in mathematics to be improved. I asked, “If your major
required you to take additional calculus courses or higher levels of mathematics, would you feel
comfortable with the mathematics in English?” She responded, “After I took these courses, it
would be easier. My English is better.” Akil also acknowledged with each new semester in
mathematics the language was getting better. He said his academic vocabulary was increasing,
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and he was understanding more of the lecture. Additionally, he noted he has learned a lot of new
ways to do mathematics. When I asked Akil if he was comfortable with the language of
mathematics, he replied, “Yes, I am getting more comfortable with it. When I don’t understand
any part, I ask my friends. If they are not here, I translate it or see a different way to explain this
question.” Although they were challenged in the beginning with mathematics vocabulary,
mathematics language, and new processes, they improved their English and mathematics skills
over time and with exposure in the “easy” classes. Akil summed it up this way. “Like in the
beginning, I was translating them to remember what I study, but now I don’t need to do that. I
just need to know the formula, the steps to the question.” In other words, Akil’s accumulated
experience of learning mathematics in English eventually allowed him to think about
mathematics in English which saved him a lot of time in translation.
Recognition of Value. If students relied solely on Arabic and background knowledge to
do their mathematics work at the university, it would catch up with them when they reached
more advanced classes. For example, Akil will take Calculus II in the summer, where he will be
learning new mathematics. In fact, Akil’s friends warned him about the advanced classes.
For Calculus I, everyone is telling me it is easier from the precalculus, so I am not afraid
with it. But for Calculus II, everyone is telling me it is the most difficult class in your
whole university study, so I am a little bit afraid with it. But if I study well, it will be
easy for me.”
Adiba, on the other hand, will be taking classes in business that will require some foundational
knowledge in mathematics. She thought learning the content over again in a new language was
valuable for her future studies in business.
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I studied Pathway for College Algebra and Business Calculus, and that’s help me a lot in
math. And I think it’s help me now in statistics because there are algebra problems to
solve in statistics. And I think when I will study accounting and finance, I will need
those classes, and I will remember these classes.
Both participants realized the value of learning mathematics in English. Students chose to come
to a university in the United States to improve their language skills and to receive a superior
education. Students were excited to learn something that is useful in the world. Students
understood their future depended on their university experience.
Students recognized to embrace the language is fundamental to future employment and
marketability. Adiba said, “Even in my country, they mostly need the employee to know in
English. I think it’s a great opportunity that I study in the United States to improve my English,
because in Oman to find a career we need the English.” Adiba plans to stay in the United States
after she graduates from the university, but she acknowledged the value of learning mathematics
in English would improve her opportunities in the business world. “I want to learn mathematics
in English because all the companies that we will work in future, all the jobs in future will be in
English.” Akil had other reasons for embracing the language learning in mathematics.
“Speaking about watching videos in English or Arabic… I do it in English because I want to
learn it.” His engineering program is just beginning, so he will be required to take many more
mathematics and engineering classes. Akil heard from his friends who are ahead of him in the
program that his studies in mathematics would become more difficult. He understood the
significance of mastering the language as quickly as possible.

146

I am learning English more and more, and I am having new vocabularies and like a lot of
new things to learn. So, when I get going from a new semester to a newer one, I will
learn English more, and I will have a good background.
Although both participants were exposed to the English language for many years prior to their
university experience, neither participant learned other academic subjects in English. They
wished they had been exposed to mathematics in English in their home country. Adiba voiced,
“We learned about the simple English like writing paragraphs and essays, but the topics not for
math. They think we don’t need the math in English, but all the students, even in Oman, need
the math in English.”
Commitment to Succeed. Students identified past improvements and embraced the
challenge of learning mathematics in a new country and in a new language. Even learning
mathematics on a computer was viewed positively. Akil said, “Like before I was preferring
paper and pen to write, but now I prefer the computer because it is much easier. Sometimes
there is a graph, and you can’t graph it with the computer. But you will be used to it.”
Ultimately, students wanted to grow and to expand their knowledge base as they anticipated their
futures. Akil was more concerned about his future mathematics classes than his job
opportunities back in Kuwait. He noted his friends who initially tested higher on the placement
test were doing well in Calculus II, and they had encouraged him to work hard in the
introductory mathematics classes. In fact, “They are saying everything is easy. You just need to
study, so it will really save a lot of time for me.”
Adiba also loved the challenge of learning mathematics in English but wanted to make
application of that knowledge in her life. I asked her, “What do you do when you do not
understand or cannot complete the homework?” She replied:
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I think math is everywhere so you can always find the solution. I think maybe because I
have a background and I like mathematics, it’s easy for me. I like it because I feel it is a
challenge to solve a problem, and this is what I like in math.
Adiba wanted to make connections between the mathematics she learned and the life she lives
here in the United States.
I like to take time to understand what the question is about and what’s the benefit in my
life. In Oman, I understood it applied to my life. They told us before the lesson. It is
like an introduction before we start the problem and the homework and the quizzes. They
tell us why it is important and why we need to learn. Here, in Business Calculus, they
give us from a real-life example, maybe about a factory in business, and we solve a
problem. And it helps.
Finally, both participants are driven to succeed because they were sponsored by their home
country, and they took that responsibility seriously. Akil acknowledged his grades were
important to him and to his family and could impact his scholarship and his job opportunities in
the future.
If you graduate from here and you go back to Kuwait, the GPA is important to get a job
opportunity. If you get less than 2.25, then you will no longer get the scholarship. You
need to go back to your home country and pay what they paid for you.
Adiba had a similar reaction. “The minister of higher education looks at our grades every
semester. And if there is something, they give us alert because they spend their money for us to
study, so we need to do our best.”
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Conclusions from Research Question 2
As I reflected on the themes I identified from participants’ quotes, peer review, and other
notes and memos, I included my own understandings from my researcher reflexive journal to
further answer the second research question. When I asked the participants about the people
who have had a positive or negative influence on their opportunity to learn mathematics at the
university, both participants immediately responded that people from their home country were
the most helpful. I had to prompt them with other potential social supports to get more detailed
information about instructors, tutors, and diverse others. I asked them to tell me about their
impressions of SMART lab, MyLabsPlus, the textbook, and online videos as a resource to learn
undergraduate mathematics in English. When they spoke about these aspects of course design
and information technology, they recalled their greatest supports included using multiple
resources, learning mathematics as a discursive activity, and developing independence as a
language learner. I expected participants would prefer to work independently to learn
mathematics, as they were accustomed to doing in their home country. Yet, both participants
acknowledged that they preferred learning mathematics in a community and were able to
understand mathematics better when they explained it to other people. I found it interesting both
participants praised all their mathematics instructors to date and were comfortable asking
questions to their instructors in the form of emails or in Blackboard Collaborate, the distance
learning format in canvas. Their recollections about their mathematical experiences at the
university were shrouded in their abilities to learn from diverse others in and out of the
classroom. Finally, both participants recognized a difference in the way they learned
mathematics this semester in comparison to the first few semesters. They relied more on English
tutorials/videos and understood a higher percentage of the lectures. They expressed confidence
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in learning more advanced mathematics at the university and recognized the importance of
learning English to succeed in their futures.
Summary
The two participants shared their own individual experiences of learning mathematics
prior to their arrival to the United States. Each participant talked about specific experiences,
especially as it compared to the new expectations of learning mathematics at the university.
These experiences included various challenges and supports that influenced their opportunity to
learn mathematics in the United States. Both participants had different positive and negative
influences that defined them as individuals. In other words, each participant had a unique story
about the transition experience to university mathematics. Yet, I discovered similar threads in
their stories which served as a foundation to understand their ability, collectively, to cope with
the transition.
As I reflected on the themes identified and discussed in this chapter, I consider how these
themes related back to the significance of my study. I generated a table to model the categories
and themes I extracted from the data analysis and coding process for each research question.
The original descriptive categories were displayed under each theme in the table.
RQ (1): “In what ways do two Arab undergraduate students perceive their challenges to
learn mathematics in English in the United States?” There were three themes that emerged
from the data analysis: overcoming initial shock, adjusting to differences, and lacking formal
opportunities for engagement. My condensed interpretation of the data analysis and themes is
Arab undergraduate students had strong K-12 mathematics backgrounds but were able to provide
detail about challenges to learn mathematics in another country and in another language.
Participants were shocked by the mathematics vocabulary, the mathematics language, and the
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new processes at the university and were surprised by the difficulty of the placement test. They
adjusted to a new course delivery style, to new teaching styles, and to time demands while
handling the demands of distance learning through a pandemic. Finally, participants lacked
formal opportunities for engagement due to online mathematics classes and the language and
cultural differences of their classmates.
RQ (2): “In what ways do two Arab undergraduate students perceive their supports to
learn mathematics in English in the United States?” There were three themes that emerged from
the data analysis: using multiple resources, learning mathematics as a discursive activity, and
developing independence as a language learner in mathematics. My condensed interpretation of
the data analysis and themes is Arab undergraduate students persevered during the transition and
utilized various supports from within and without the university. Participants used course design
resources at their disposal as well as other cognitive and linguistic resources. Participants’ prior
knowledge of mathematics and the use of technology was beneficial to their learning. Because
the content in their initial mathematics classes was repetitive and easy, they spent quality time on
the language demands of interpreting lectures and of understanding problems. Participants
realized the value of interacting in a community of practice, so they used social resources to
improve their learning. Further, participants valued discursive activity to make meaning of the
mathematics and utilized self-created opportunities to engage diverse others in the learning
process. Finally, participants developed independence as language learners over time, as they
began to realize the benefits of accumulated experience, to understand the purpose of the
mathematics, and to visualize its impact on their future career goals and dreams.
In the next chapter I elaborate further on my findings, as they relate to the extant
literature and connect to the theoretical frameworks. I also anticipate implications for students,
teachers, and higher education institutions, and I provide opportunities for future research.
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Chapter 5: Discussion and Recommendations
In this descriptive exploratory study, I explored and described Arab undergraduate
students’ experiences and perceptions of learning mathematics in English in the United States.
Because I sought to understand adult student perceptions of their mathematics learning in higher
education while reflecting on my own familiarities as an English language mathematics teacher, I
collected information through personal virtual interviews and a researcher reflective journal.
After I reviewed the data collected from the two study participants, I extracted eighteen
categories from which I noticed patterns and six overarching themes that I labeled as follows: 1.
Overcoming initial shock (mathematics vocabulary, mathematics language, new processes,
placement test), 2. Adjusting to differences (course delivery styles, teaching styles, time
demands) 3. Lacking formal interactive opportunities (distance learning, language/cultural
disparities), 4. Using multiple resources (course design resources, linguistic resources, cognitive
resources, social resources), 5. Learning mathematics as a discursive activity (meaning making,
self-created opportunities) and 6. Developing independence as a language learner in mathematics
(accumulation of experience, recognition of value, commitment to succeed). I discovered shared
commonalities and themes, and I found my study participants’ learning perceptions reflected in
themes discovered in the extant research literature. In this chapter, I discuss these findings
through the lens of Schlossberg’s transition theory, with a sociocultural perspective of language
and learning mathematics through the lens of Moschkovich (2002) and Brenner (1998).
As I discuss the findings from this study and possible similarities and differences to past
research findings, it is important to note research literature about Arab undergraduate students
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studying mathematics in English is minimal, with only a couple of researchers attending to the
Arab experience specifically (e.g., Hofer, 2009; Shaw, 2010). Thus, I add to the literature by
offering the voice of two of Arab undergraduate students’ lived experiences of studying
mathematics in English in the United States.
In this study, I set out to gain an understanding of Arab undergraduate students’ transition
to learn mathematics in English. However, I was only able to be with the students in the
“moving in” stage of the transition. I did not observe the students as they were “moving
through” the transition. Nor was it my role as a researcher or within the scope of my research to
assist the students take charge of their situations or to help them strengthen their resources. As a
result, I focus here on drawing conclusions about participants’ challenges and supports as is
evidenced in the information they shared during the interviews. Schlossberg’s theory turned out
to be a valuable resource to make sense of the data provided by the participants and was notable
in the themes that evolved across the entire transcript corpus of both participants. Given the
overall purpose of this chapter is to synthesize, analyze, and interpret some of the key findings
from participants’ perceptions, I begin this chapter with an analysis and discussion of the
findings. It is important to keep in mind the original two research questions of the study:
(1) In what ways do two Arab undergraduate students perceive their challenges to learn
mathematics in English in the United States?
(2) In what ways do two Arab undergraduate students perceive their social support to
learn mathematics in English in the United States, both in and out of the class?
I address research question one with the first three broad themes and research question
two with the last three broad themes. Following this section, I discuss possible implications for
students, instructors, and higher education professionals. Finally, I consider possible future
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directions for research on Arab undergraduate students who study mathematics in English in the
United States.
Summary and Discussion of Six Broad Areas
Overcoming Initial Shock
There are fundamental differences in the educational practices of Arab countries
and the United States. Memorization and rote learning, which are emphasized in teachercentered approaches in the Middle East, are not sufficient to meet the demands and requirements
of university mathematics (Abukhattala, 2013; Unruh & Obeidat, 2015). Further, language
related issues that Arab undergraduate students encounter during the first year in mathematics
are the biggest challenge that can impede progress toward a college degree. The first theme,
Overcoming Initial Shock, included participants’ perceptions of their initial exposure to
undergraduate mathematics in English in the United States and of how language impacts
learning. Both participants took calculus in secondary school and studied English since primary
school before arrival in the U.S. and had achieved a high level of success, as exemplified by their
country’s sponsorship to study abroad. Participants believed the study of mathematics was more
demanding in their home countries with high stakes testing and application-driven assessment.
Yet, both participants experienced language and culture shock in the ELM class. In the
following section, I discuss the salient findings from this first broad area.
Mathematics vocabulary. Both participants reported several challenges about learning
mathematics in English. Both participants had been given an opportunity to participate in an
English language intervention for mathematics at INTO. The English Language for Mathematics
(ELM) class provided opportunity to acquire academic vocabulary and to develop meaningmaking skills for mathematics. This allowed the participants to make connections between
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mathematics content in English relative to their first language. They noted mathematics
vocabulary was not part of English instruction in their home country. Hence, participants were
initially confused in the ELM class and did not comprehend what I was teaching. Ferrari (2004)
acknowledged the difference between conversational and academic language in mathematics.
Participants did not know the mathematics vocabulary and had to rely on the numbers and
symbols from the white board to make sense of my instruction. Acquisition of academic
vocabulary is fundamental to learning mathematics. The idea of subject specific vocabulary was
new to the participants. Moschkovich (2002) and Riccomini et al. (2015) advocated that
classroom talk cannot be underestimated in the development of mathematics literacy, which
requires a robust vocabulary knowledge base.
Evans and Morrison (2011) analyzed language related issues international students
experienced during the first year in English-medium institutions in Hong Kong and found the
biggest challenge was to learn how to deal with unfamiliar subject-specific vocabulary. In their
study, international students were frustrated with their inability to understand key technical
vocabulary, and students perceived faculty were oblivious to this deficit, which could undermine
the value of an entire lecture. Similarly, Riordain, Coben & Miller-Reilly (2015) concluded
competency in second language does not necessarily contribute to competency in math specific
language. In fact, Ledibane, Kaiser, & Van der Walt (2018) acknowledged many researchers
have described mathematics as its own language. Nevertheless, Moschkovich (2002) concluded
the vocabulary perspective has limitations since knowing a list of mathematical vocabulary will
not be enough to learn the language of mathematics.
Mathematics language. Both participants were shocked to learn that understanding
lectures was more complex than memorizing vocabulary and using procedures for mathematical
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tasks. One participant recalled “even the small things like the parentheses and the brackets were
a new thing for me in English.” Durand-Guerrier et al. (2016) concluded language-based
differences in notation are specific to mathematics and the context of its production determine
understanding and use. Initially, both participants claimed they tried to memorize vocabulary
words and to replicate solutions from instructors’ lessons or exam reviews. For example,
instructors wrote down what they were speaking in numbers and symbols, and students had
visual clues to help them understand the mathematics. Participants’ perceptions about
mathematics language encompassed three areas of learning: communication, understanding
lectures, and interpreting word problems. Ferrari (2004) argued the verbal component to
mathematics learning cannot be understated. There is more to interpretation than vocabulary and
grammar. Abukhattala (2013) explored ten Arab undergraduates’ experiences in two English
language universities in Canada. He discovered previous knowledge of English did not help
with communicative skills, as Arab students were unable to use vocabulary in real-life situations.
Further, he concluded decontextualized knowledge is a hindrance to learning two-way
communication. Participants realized communication helped to broaden and deepen their
understanding of mathematics concepts.
Other researchers emphasized the importance of communication in mathematics to assist
students in understanding. Brenner (1998) promoted communication in the classroom as a
mathematical activity. Ferrari (2004) advocated poor linguistic resources coincide with poor
development of mathematics reasoning. Similarly, Moschkovich (2002) viewed learning
mathematics as participation in a community, and she recognized language learners need
reciprocal interaction with instructors and peers to negotiate meaning. Yet, participants found it
difficult to read, write, listen, speak, and represent mathematics. Ledibane et al. (2018)
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concluded discourse generates specific cognitive input that is essential to build mathematics
knowledge.
Prendergast et al. (2016) explored educational reform in undergraduate mathematics for
Irish higher education. Their 41 Arab study participants were natives of either Saudi Arabia or
Oman. They discovered students might demonstrate excellent mathematics ability, but if they
cannot effectively communicate knowledge and understand language in which they are taught,
prior numeracy skills are futile. Also consistent with this finding, Martirosyan et al. (2019)
suggested international students perceive difficulty meeting expectations of U.S. classrooms
because of difficulty engaging in discussions and communicating effectively.
Both participants acknowledged difficulty in comprehending lectures in their early
university mathematics classes. Elturki et al. (2019) supported these findings in their study of
university pathway students in the United States. Pathway students identified understanding
lectures as a specific linguistic and cultural need that impacted their academic experiences.
Additionally, Gautam et al. (2016) provided additional insight into student-teacher interactions in
their report about how language issues hindered a smooth adjustment to university settings.
They found international students perceived a lack of comprehension with lectures because of
idioms, writing styles, and interpretations of meanings. Rabia and Hazza (2017) further
supported these findings in their study of 16 Arab international students, as students expressed
difficulty in keeping up with the lectures because of unknown terminology. In fact, Arab
students perceived understanding anything from a discussion was a major task. However,
Barton & Neville Barton (2003), in their first landmark study in New Zealand, recognized that
ELLs understand and achieve differently. In fact, ELLs had a 10% disadvantage in overall
performance due to a deficit in textual understanding. Yet, they concluded the first-year
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students’ reliance on symbolic, diagrammatic, or graphical understanding might compensate for
lack of textual understanding.
Finally, one of both participants’ greatest challenges was solving application problems.
Not only did they not understand the context, but interpretation involved making inferences and
recognizing key elements. Ferrari (2004) explained how language learners isolate single
expressions without consideration of full text. A combination of social language and academic
mathematics language is often integrated into word problems, so language learners have
difficulty if they are not familiar with the mainstream cultural context of the problem. Hence,
participants reverted to memorization and rote learning to replicate solutions to word problems
with identical formats from homework or test review items. Lesser & Winsor (2009) studied
language learners’ challenges in Introductory Statistics at a southwest university. They
concluded language learners struggle with word problems because of context, of different
meanings in everyday language and mathematics, and of lack of understanding of individual
words when they are grouped together in phrases.
New processes. There are many strategies to solve math problems. In the literature, this
is referred to as culturally specific mathematics knowledge. Mathematics is often learned
differently in other cultures. In fact, mathematics concepts are abstractions that can vary from
one language to another. One participant mentioned “the key words or the shortcuts that the
Americans use” was a new thing for him. Another participant stated, “Americans have their
ways to answer the question different than my way, so we learn a lot from them.” Both
participants acknowledged mathematics classes at the university were similar in content to their
high school classes, but the processes for solving problems were sometimes different. One
participant found this to be a challenge because she thought it was easier the way she learned it,
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but the instructor required her to do it the new way. Since undergraduate students used
MyLabsPlus to complete assignments and quizzes, instructors rarely assessed procedural work in
written form, so students avoided these challenges in the early mathematics classes. However, in
the literature, researchers advocated for instructors to build from language learners’ existing
cultural knowledge base in mathematics (Brenner, 1998; Kersaint et al., 2013; Moschkovich,
2010; Walqui, 1998).
Mathematics Placement. Student placement systems at universities and colleges have
remained largely the same over the past decade for international students and English language
learners (Bostian, 2017). International students are faced with single measure mathematics
testing and required remediation in most cases. The resulting recommended placement is not
demonstrably productive in terms of student achievement. One participant perceived the
language of the placement test was an obstacle, while the other participant was challenged by a
lack of test preparation. Since the questions were not written in Arabic, participants
acknowledged difficulty with reading and understanding questions. Kasouha (2011) reported
international students were being under-placed in mathematics because of English language
skills and were stronger math students who would have benefitted from a higher placement.
Adjusting to Differences
In this section, I discuss findings from the second broad area that pertains to Arab
undergraduate students’ challenges to learn mathematics in English. During the interviews, the
participants gave in-depth responses about the differences of learning mathematics in English.
De Jong and Harper (2005) noted how language learners differ from native English speakers in
classroom participation structures, prior knowledge and experiences, and value of learning.
Brenner (1998) emphasized the importance of cultural relevance of instruction and curriculum.
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In the next subsections, I focus on challenges related to course delivery, teaching styles, and time
demands.
Course delivery. Both participants perceived learning mathematics with
technology was a new challenge for them. They acknowledged a learning curve to adjust to
online software with MyLabsPlus. Participants had not used computers in secondary schools. In
my experience as a college professor, this transition to online mathematics homework is an
adjustment for all first-year college students, not just language learners. However, considering
all the language, culture, and social adjustments that are necessary to thrive in a new country,
international students are challenged to adapt to new academic practices as well.
Although MyLabsPlus was designed to develop language learners’ repertoire of
mathematical knowledge, researchers noted the use of technology for homework and assessment
had its own challenges too (Elturki et al., 2019). For example, Al-Hattami & Al-Ahdal (2014)
concluded Arab students need time and support to adapt to instructional practices and the use of
information and communication technology. Additionally, Ortiz and Sriraman (2015) argued
technology perpetuated the problem as a substitute for student-teacher interaction. Further,
technology can be counterproductive for language learners who need social interactive
opportunities to understand mathematics. Wilkinson (2018) advocated for designing tasks which
encourage participation and use of both oral and written language for effective mathematics
teaching of ELLs.
Teaching styles. Participants described how content of lectures were different at the
university. They were accustomed to secondary school teachers who completely covered the
material and showed every single example from the textbook. In the United States, they
perceived the content of the lectures to be different. Instructors did not teach everything or

160

demonstrate examples for every type of homework problem. In other words, rote learning was
not sufficient to meet the demands of undergraduate mathematics. One participant perceived it
was necessary here “to open the book and study a lot of different equations that the instructor did
not mention.” Students are required to figure out some mathematics concepts on their own. This
is consistent with Abukhattala’s (2013) study that acknowledged Arab students were accustomed
to a more passive approach of listening and writing down what the teacher says.
Participants perceived undergraduate mathematics instructors encouraged creative
thinking, as students were included to participate, discuss, argue, and ask for more explanations.
In fact, one participant favorably mentioned the use of a clicker to answer questions during class.
Both participants noted instructors fielded questions about previous lectures and homework at
the beginning of class. However, participants described trepidation about participating in large
mathematics classes prior to the pandemic. In fact, one participant recalled, “When I am asking
other students, they can’t see me, so I am comfortable with it.” Adunab et al. (2017) suggested
Arab students often perceived being singled out in class because of their inability to express
themselves in English. Further, Alquarni and Williams (2018) conducted a survey of 18 Saudi
international students at a state university in the U.S. to investigate their challenges and barriers
to success. Students perceived difficulty in asking questions in class because of language
difference. After the pandemic and the transition to distance learning, participants revealed they
now send emails to the instructors to ask questions about content or homework, which allows
them to participate with less social trepidation. Wu et al. (2015) concluded international
students’ ability to participate in class is directly tied to their academic challenges in American
classrooms.
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Time demands. As mentioned in the first broad area, both participants were initially
shocked by the linguistic challenges in learning mathematics in English for the first time. The
participants from this study expressed concern about their inability to comprehend lectures in
English. For this reason, they studied mathematics mostly in Arabic. Because they had to
translate everything to their home language first, participants were challenged by time demands.
This is consistent with the literature that ELLs often process information in their home language
before they are asked to translate it in English. They needed additional time to watch videos in
Arabic to make meaning of the mathematics and to complete homework assignments. Many
researchers have supported this finding (Alquarni & Williams, 2018; Andrade, 2006; Elturki et
al., 2019; Kaur, 2019; Rabia & Karkhouti, 2017). Alquarni and Williams (2018) provided an
explanation for time demands in their study of Saudi international students. They concluded
language learners struggle with more complicated word problems and need more time to break
down the question, to understand it, and to answer it. Rabia and Karkouti (2017) also noted time
was a key to academic success, as it takes longer for Arab international students to finish
assignments and to overcome language differences in course content. They concluded Arab
students dedicate a great amount of time and effort in academic pursuits, as they set higher
standards and goals compared to local students.
Lacking Formal Interactive Opportunities
The third broad area to be discussed as it related to Arab undergraduate students’
challenges in higher education was the lack of formal interactive opportunities in mathematics
classrooms in the U.S. There is evidence to suggest participant structures in the traditional
undergraduate classroom in the U.S. might differ in other cultures (e.g., Elturki et al., 2019;
Oudshoorn et al., 2019; Zevenbergen, 2000; Zhou et al., 2019). Researchers agreed language
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learners need to interact with others to fully participate in mathematics learning (e.g., Kersaint et
al., 2013; Moschkovich, 2010). If language learners can learn to communicate mathematical
thinking and reasoning in precise academic English, they can engage productively in
mathematical discourse. Further, Ferrari (2004) noted students’ discourse practices determine
their ability to master a discipline. In the next subsections, I address challenges related to
distance learning and language/cultural disparities.
Distance learning. The COVID-19 pandemic in the United States affected educational
systems worldwide, and higher education institutions were forced to transition to online
instruction. This had a direct impact on language learners’ opportunity to learn in undergraduate
mathematics courses. Moschkovich (2018) acknowledged students are socialized in
mathematical activity by their participation in the discourse practices within the classroom.
Participants shared their challenges in adapting to distance learning. Prerecorded video lectures
were the “new normal.” Both participants perceived they were isolated from instructors and
students. Participants mentioned it was difficult to seek help from the instructor and to complete
homework assignments.
Since college campuses were practically shut down during the pandemic, students
remained home to study. Both participants were secluded from their classmates and relied
primarily on roommates and friends to seek help. In prerecorded sessions, there was no student
participation. Hence, participants were challenged to comprehend content, as they were unable
to ask clarifying questions during the lecture. Caplan and Stevens (2017) identified more
effective teacher-student interactions as one of international students’ greatest needs for
academic support. Since Arab students perceived isolation as one of the greatest challenges in
higher education, which was an emergent theme in the literature, participants indicated online
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mathematics instruction only magnified the problem (Abunab et al, 2017; Al Khaiyali et al,
2018; Rabia, 2016; Rabia & Karkouti, 2017).
Language/cultural disparity. Another setback to interaction in and out of the classroom
was language differences between native and nonnative students. International students often
have limited opportunities to engage with diverse others. In fact, one participant indicated
interactions are restricted to students from home who speak Arabic. This is consistent with the
research of Al-Hattami and Al-Ahdal (2014), who acknowledged Arab students restrict
communication to other Arab classmates and fellow Arabs at the university. The same
participant attributed the challenge of interaction to English language deficiency. Elturki et al.
(2019) supported these findings, as international students in their study identified building
relationships with domestic peers as a specific linguistic and cultural need that impacted their
academic experiences. Other researchers suggested international students perceived language
differences to hinder interaction with teachers, friends, and other university personnel. (Evans
and Morrison, 2011; Gautam et al., 2016; Perry et al., 2012; Wu, Garza, & Guzman, 2015).
Another challenge for Arab undergraduate students in universities was cultural disparity
with the host culture. Cultural disparity is defined by different values, behavior patterns, and
distinct means of communication. Some researchers reported Arab students had little interaction
with American classmates outside of class (Melius, 2017; Modir & Kia-Keating, 2018; Rabia,
2016; Rabia & Hazza, 2017). One participant noted American students were not willing to
include them in study groups and reported being “a little afraid of them.” The participant
indicated Americans did not want to help in mathematics. The other participant had some
interactions with Americans but only through social media. Rabia (2016) acknowledged Arab
students avoided interacting with native students out of fear. Melius (2017) examined Saudi
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students’ perceptions of domestic students and instructors at a southeastern institution in the
United States. Saudi students believed misunderstandings lead to negative generalizations and
discrimination from Americans. Yet, positive cultural interactions created favorable attitudes to
adjustment and academic achievement. Both participants advocated for formal interactive
opportunities designed through the course. That could be in the form of peer leading, where a
teacher assistant conducts small group sessions, or that could originate from the instructor on the
first day of class when students are encouraged to set up a social media account to connect with
classmates in GroupMe or some other media outlet such as Snapchat or Instagram.
I expected cross-gender differences to play a major role in cultural disparity, but both
participants confirmed multiple times that gender was not an issue. Findings were contradictory
to the literature. Adunab et al. (2017) explored the lived experiences of Arab-Muslim
international students and reported cross-gender interaction in other educational systems were
problematic since males and females are not educated together in the Arab world. Further, Al
Khaiyali et al. (2018) described how 40 Arab ESL learners in U.S. higher education adapted to
understand everyday living in U.S., and researchers confirmed students expressed
embarrassment about class participation in mixed gender classes. However, Lefdahl-Davis and
Perrone-McGovern (2015), in a study related to public gender integration, explored the
adjustment experiences of 25 Saudi women in U.S. higher education and concluded Saudi
women had specific educational goals and adjusted to male professors and to male classmates.
Nevertheless, I observed in the ELM class that it took time for male students to get comfortable
and respond to questions, while females were less likely to engage for the entire semester.
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Using Multiple Resources
The last three broad themes are related to the supports that Arab undergraduate students
experienced, as they learned mathematics in English in the United States. First-year
international students perceived higher education in the U.S. to be a satisfying, stimulating, and
even exhilarating experience in several studies (Evans & Morrison, 2011; Yan & Sendall, 2016).
Hence, the fourth broad area is a description of a variety of resources that were available for the
participants to support their mathematics studies. Locks et al. (2008) concluded international
students’ transition to college was a complex process that involved intellectual and social
development, utilization of organizational resources, attention to cultural differences, and a
welcoming community. In the next subsections, I enumerated multiple resources such as course
design resources, linguistic resources, cognitive resources, and social resources.
Course design resources. Course design resources were Pearson MyLabsPlus, SMART
Lab (Academic Success Center), and participation structures. One issue that confounded
international students was the increased focus on computer-based learning environments in
undergraduate mathematics such as web-based assignments and assessments (Zevenbergen,
2001). International students had not been exposed to technology-rich classrooms that might
impact early learning outcomes. Yet, my participants reported favorably about the computerbased learning environment in mathematics classes at the university. Both participants perceived
several benefits from MyLabsPlus such as extra homework problems for practice, exposure to
different types of problems, and extra study features available in the software. Participants
enjoyed the flexibility, as they completed homework “anytime or anywhere.” The findings in the
current study were consistent with the findings of Abukhattala’s (2013) study of Arab
international students, as participants took responsibility to adjust to these educational methods.
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Further, Arab international students dedicated considerable time and effort to participate in
academic activities and to learn to communicate more effectively. Similarly, Bergey et al.
(2018) concluded online technology in undergraduate mathematics allowed international
students the flexibility to finish assignments and to receive additional academic support as their
schedules permitted.
Another support for international students was the SMART lab requirement.
Mathematics students were expected to spend a minimum of two hours weekly in the lab to
complete homework assignments and to take quizzes and tests. Participants perceived SMART
lab was a big support because of the availability of tutors. As one participant noted, “there are a
lot of students and assistants, so if I need to understand something in the homework, they explain
it to me.” Rabia and Karkhouti (2017) noted student success centers helped to facilitate learning
course content. Similarly, Martirosyan et al. (2019) concluded international students perceived
tutoring and supplemental instruction promote college success.
Participants also noted participation structures were a support to their mathematics
learning. Both participants sent questions to their instructors or went to online office hours for
help. Instructors generally spent time at the beginning of each mathematics class to answer
questions from students about the last lecture or homework assignment. This was something
new for the participants. Abukhattala (2013) reported Arab international students prefer
pedagogy styles in the United States which focused on improved communication strategies.
Linguistic resources. Participants utilized other resources to make sense of the
undergraduate mathematics they learned in the classroom. Linguistic resources such as social
media, videos, and other online platforms were mentioned as beneficial to their learning
experience. Initially, participants watched online tutorials in Arabic to make connections with

167

the mathematics in English, but now they reported watching videos primarily in English. One
participant utilized social media such as GroupMe, Snapchat, and Instagram to initiate contact
with classmates for extra help. The other participant watched YouTube videos and accessed the
Khan Academy website for extra tutorials. In Kaur’s (2019) study of six Indian undergraduate
students at a southern university in the U.S., students reported the need for other resources
besides textbooks.
Cognitive resources. Cognitive resources are defined by what Arab undergraduate
students bring to the classroom from previous mathematics instruction. Participants
acknowledged prior knowledge in mathematics was critical to early success. They also realized
the value of making connections between the mathematics in English and their secondary school
mathematics in Arabic. They claimed university mathematics classes were so easy in the first
year they could concentrate on learning the academic language of mathematics. DurrandGuerrier (2016) reported first year courses in the U.S. are repetitive, confirmatory, and
predictable. Hence, language learners’ success was less dependent on natural language
capabilities. Additionally, Andrade (2006) concluded international students’ background
knowledge was a factor that promoted academic success.
Social resources. Social resources were the quality of interactions between diverse
others which directly influenced student learning and satisfaction with the mathematics
experience. Participants noted instructors, fellow nationals, classmates, and tutors who provided
a supportive environment for learning mathematics in English. The results from the current
study were consistent with many studies in the international student literature in which
socialization is an integral part of student success (Barwell et al., 2018; Brunsting et al., 2018;
Caplan & Stevens, 2017; Tsevi, 2018).
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Although the participants in the current study did not claim to have warm interpersonal
relationships with their instructors, they had only positive things to say about them. Participants
acknowledged instructors were approachable for extra help and willing to engage in friendly
conversation. Rabia & Karkhouti (2017) emphasized the importance of minimizing social
distance in higher education classrooms. In fact, international students needed supportive faculty
who encouraged and assisted in participation. In addition, in Andrade’s (2006) review of the
literature, international students reported valuing warm, friendly relationships with professors.
Further, in Kaur’s (2019) study, international students perceived the need for student-instructor
relationships. This was a contradiction to previous studies that reported how international
students were challenged to find comparable support systems in the U.S. such as professors
(Roberts & Dunworth, 2012; Smith & Khawaja, 2010). Other researchers found language
learners, who are first year undergraduates, almost never sought help and had a cultural stigma
that prohibited them from taking advantage of office hours (Caplan & Stevens, 2017; Yeh &
Inose, 2003). For example, in Kaur’s (2019) study, international students thought it was difficult
to communicate with instructors, as instructors were not readily available to help after class like
they were in India. International students further noted they needed immediate answers to their
questions and were unlikely to make an appointment to talk to the instructor during specified
office hours.
Participants stressed the importance of assistance from other international students or
friends with similar cultural backgrounds. In fact, they spent most of their mathematics study
time with fellow nationals who had attended secondary schools with them or who were currently
enrolled in the same mathematics course. Participants liked the convenience and support of
friends from home to learn mathematics in English. Tsevi (2018) noted international students
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perceived support from fellow nationals as an effective strategy for academic success.
Additionally, Evans and Morrison (2011) acknowledged international students overcame many
of the linguistic and cultural challenges with supportive peer groups.
In several research studies, Arab students reported little interaction with American
classmates outside of class (Al-Hattami & Al-Ahdal, 2014; Rabia & Hazza, 2017). However,
both participants indicated some exposure to native students outside of class. In fact, they
wanted to study with Americans to learn new ways of solving problems. One participant had
favorable interactions with diverse classmates in the peer leader group sessions, while the other
participant met for dinner with classmates in GroupMe and Snapchat. This was a contradiction
to the findings of Wu et al. (2015). In that study, international students perceived being isolated
in class, as classmates did not invite them to participate in group discussions nor did they want to
“make friends” with them. Brenner (1998) acknowledged language learners with less than
perfect oral or written English benefitted from interaction with native English-speaking students.
Similarly, Kersaint et al. (2013) concluded peer interaction between native and nonnative
promoted language development. Tutors, peer leaders, and teaching assistants were also
mentioned by the participants as great resources for additional instruction.
Learning Mathematics as a Discursive Activity
In the fifth broad theme, I addressed the notion that language learners thrived in a
collaborative learning structure when learning mathematics in English. Researchers agreed
language learners developed academic literacy when provided opportunities to engage in
mathematical discussions (e.g., Kersaint et al., 2013; Moschkovich, 2010). In the next
subsections, I addressed two supports of interactive learning in mathematics: meaning making
and self-created opportunities.
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Meaning making. Language learners preserved meaning when their level of
understanding went beyond the knowledge passed on by definitions, and language learners
negotiated meaning when they constructed mathematical knowledge through social interaction
(Moschkovich, 2010). Participants acknowledged that previous mathematics learning in
secondary schools was individualized. They recognized language demands of learning
mathematics in English required engagement, communication, and participation. That is why
participants expressed reliance on Arab friends for help and support to understand mathematics.
They worked together on homework to negotiate meaning between English mathematics content
and Arabic mathematics knowledge. Both participants noted oral communication of
mathematics to classmates was essential for understanding content. Participants realized the
difference between secondary school learning with a focus on procedures and rote learning
versus university learning with a negotiation of meaning and development of understanding.
Both participants remarked when they shared their understanding of mathematics with others it
increased their ability to build mathematics knowledge. Researchers concurred language
learners made a mental connection with language when they engaged verbally in mathematics
(e.g., Kersaint, Thompson, and Petkova, 2013; Moschkovich, 2010).
Self-created opportunities. Earlier in the chapter, I addressed a broad theme that
participants were challenged by a lack of formal interactive opportunities. In this subsection, I
verbalized participants’ perceptions about the importance of seeking their own mathematics
discourse in their success stories. Both participants acknowledged they understood mathematics
more when they explained it to others. Since interactive opportunities were determined primarily
by undergraduate students at the university, both participants had to create the interactions to
learn from diverse others. Participants, on their own initiative, asked friends for help, reached
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out to classmates on social media, utilized office hours, consulted assistants in SMART lab, and
organized study groups to complete homework and test reviews. One participant was stronger in
this area than the other participant, even though both participants perceived the value in
interactive opportunities. The female participant was introverted and shy, which could be
interpreted as a cultural issue, while the male participant was bold in his outreach. In Andrade’s
(2006) literature review, he recommended peer study partnerships to build social networks and to
improve language production. Andrade (2006) also advocated for tutors and small group
seminars to facilitate academic adjustment.
Developing Independence as a Language Learner
The last broad area of this discussion was associated with how Arab international
students navigated the transition to learn mathematics in English and their perceptions of why
they were successful. Tsevi (2018) revealed international students’ survival strategies as they
transition to higher education, and she concluded students were overwhelmed by academic work
initially, but they persisted by adapting to the new learning environment. In the next subsections,
I shared three supports that promote language learners’ independence related to current literature:
accumulation of experience, recognition of value, and commitment to succeed.
Accumulation of experience. Although both participants remarked they were initially
overwhelmed to learn mathematics in English, they were quick to inform about their
mathematics achievement at the university. They had achieved high marks (in most cases,
100%) in all their mathematics classes to date. Both participants perceived it took time to learn
mathematics vocabulary, to complete homework assignments, and to understand lectures, but
with each new semester, their language skills had improved. It was no longer necessary to watch
mathematics videos in Arabic or to communicate mathematics in Arabic with friends. They
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made the transition to study mathematics in English. In fact, one participant noted, “Now I am
understanding the English, so it’s easy for me.” In Barton and Neville Barton’s (2003) landmark
third study, they hypothesized language learners develop more language fluency over time
because of increasing conceptual mathematical content/ability.
Recognition of value. The participants in the current study recognized the value of
mathematics knowledge and English skills which supported them to develop independence as a
language learner in mathematics. It was not enough to receive high marks in the early
mathematics classes. Participants acknowledged language acquisition was essential for survival
when they studied new mathematics content that had not been previously learned. They also
realized the importance of gaining language skills and mathematics knowledge to be successful
in their academic programs. Martirosyan et al. (2015) explored the impact of English
proficiency on the academic performance of international students in north central Louisiana. In
their study, international students perceived English language proficiency levels had a significant
impact on academic success. Further, an engineering student in Zhou et al.’s (2019) study
remarked about the importance of experiential and applied learning. This was consistent with
findings in the current study, as both participants believed success in mathematics was
fundamental to future employment and marketability.
Commitment to succeed. The participants in this study were sponsored by their home
country and felt compelled to achieve at the highest possible academic level. Both participants
noted a desire to grow and expand their knowledge base, as they anticipated the future. Their
scholarship and potential job opportunities would be compromised if they failed. Schlossberg
(2012) acknowledged international students’ goals and commitments determined their
persistence in higher education. Choudada (2017) concluded international students filled in the
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skills gap in the highly competitive science and technology market of the United States, while
students who returned to their home countries gained attractive employment opportunities.
Conclusion
My research was intended to add to the literature on the intersection of language, cultural,
and social issues for international students in undergraduate mathematics. Other researchers
devoted attention to international student perspectives of academic needs in higher education
(Caplan & Stevens, 2017; Kaur, 2019; Martirosyan et al., 2019; Rabia & Karkouti, 2017; Tsevi,
2018). Although many research studies have been conducted to investigate the university
experience of international students, in my search of the literature, to date, I discovered few
studies on Arab undergraduate students’ experiences, especially in undergraduate mathematics.
Despite the existence of a substantial Arab population in U.S. higher education institutions,
research on their educational experience is lacking (Abukhattala, 2013). My dissertation study
was designed to fill this gap in the literature.
In my findings, I discovered Arab undergraduate students faced a series of transitional
difficulties when they studied mathematics in English for the first time. Participants perceived
their previous knowledge of English did not significantly help them succeed in the new
environment because they had learned vocabulary and grammar but were unable to communicate
effectively with native speakers. Further, Arab undergraduate students encountered obstacles in
learning mathematics in English because of mathematics vocabulary, mathematics language and
new processes. Lesser and Winsor (2009) observed language learners’ ability to distinguish
between everyday language and academic or mathematical language was a challenge.
Participants also had to adapt to different course design systems, teaching styles, and time
demands. Hence, language learners experienced language and culture shock during their initial
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exposure to mathematics at the university. Tsevi (2018) suggested faculty should reach out to
students who have linguistic challenges.
Language learners are disadvantaged by current mathematics placement practices.
Participants were under-placed due to their English language skills. Both participants were
stronger math students, who might have benefitted from a higher placement. Researchers have
shown that ELLs tended to place lower in math but had higher course grades and lower dropout
rates (Bostian, 2017). Yet, participants claimed the remedial mathematics classes were so easy it
provided an opportunity to focus on language acquisition. Nevertheless, Choudada (2017)
concluded international students selected research-intensive universities in the United States
because they could meet the rigorous academic standards. Further, Kaur (2019) discovered that
international students perceived academic adjustment could be quicker if their problems were
identified, understood, and dealt with appropriately. It is my hope that drawing attention to
participants’ challenges will lead to changes that enhance the learning experiences of
international students in undergraduate mathematics.
On the other hand, Arab undergraduate students perceived their support system at the
university, especially as it related to learning mathematics in English, improved the adjustment
process. Andrade (2006) stressed adequate support and timely assistance lead to positive
academic experiences for all international students. Universities can support international
students’ mathematics achievement by providing intercultural dialogue, collaborative work, and
active participation in the classroom. Participants prioritized close relationships with their fellow
nationals to make meaning of mathematics and to compare it to their previous learning in Arabic.
They desired interactions with U.S. students because they perceived Americans had shortcuts for
solving mathematics problems and for learning mathematics content. They took advantage of
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office hours and other opportunities to ask questions of mathematics instructors. I was reminded
of the African proverb, “It takes a village to raise a child.” In the context of this study, I would
rewrite the proverb as follows: “It takes an entire community of people to interact with Arab
undergraduate students to help students adjust to differences and to achieve success to learn
mathematics in English.”
Furthermore, Arab undergraduate students perceived their challenges to learn
mathematics in English motivated them to develop strategies for success. Over time, they
created opportunities to learn from diverse others. Participants needed time to develop
independence as language learners. They recognized the value of learning mathematics in a
different language and in a different culture. They prioritized English language proficiency and
mathematics achievement. One participant noted it was important to learn mathematics in
English because “all the companies that we will work in the future will be in English.” The other
participant believed the prestige of a foreign degree would provide access to a higher paying job
back home. In any case, Arab undergraduate students needed a lot of support from different
aspects to learn mathematics in English.
Implications for Practice
In Chapter 1, I stated the significance of the research, and I outlined three perspectives
for the purpose of my study from Newman et al.’s (2003) typology. To provide
recommendations for practice, I reviewed the three perspectives: (1) as a model for personal,
institutional impact that could improve the success rate of language learners who take
undergraduate mathematics, (2) as an opportunity to explore complex phenomena which could
generate new ideas for pedagogical practices in undergraduate mathematics, and (3) as a public
relations tool to inform students how to better prepare for the undergraduate mathematics
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program. In what follows I provide recommendations, based on the findings of my study, for
international students and for higher education administration and faculty.
International Students in Undergraduate Mathematics. International students arrive
in the U.S. with a false pretense that mathematics is a universal language that will not hinder
their academic success toward an undergraduate degree. Hence, ELLs must first be made aware
of the language and cultural differences of learning mathematics in English. Zhou et al. (2019)
referred to this need as the understanding of cultural relevant curricula. The terminology and
vocabulary of mathematics is different in English, and a wide variety of literacy skills with its
own syntax, semantics, and discourse features are necessary to understand the academic
language. Unique vocabulary, sentence structures, and text features are part of the mathematics
register. Multiple-semiotic formations or meaning-creating systems (symbols, oral language,
written language, graphs, and visual displays) are featured in the register that make it difficult to
construct knowledge on language alone. Mathematics concepts and symbols are not culture free.
Different functions to construct mathematical ideas are used in different languages. Language
learners are unable to translate many mathematical terms from English to other languages.
Additionally, parallel methods of processing mathematical thought do not exist across all
languages (Moschkovich, 2018; Slavit & Slavit, 2007). Since additional education regarding
these issues would benefit incoming international students, I suggest this topic be addressed
before orientation through an online tutorial. Higher education institutions could require this
intervention with the aim of minimizing students’ language problems in mathematics.
Second, international students must seek opportunities for instruction such as an early
intervention in tutorials or in preliminary mathematics classes that introduce vocabulary and
other meaning-making practices (Riordain et al., 2015). Zhou et al. (2019) referred to this need
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as a cross-cultural knowledge base. International students are often deprived of academic
support that is necessary for validation in the classroom community and for academic success
and self-esteem in mathematics (Yeh & Inose, 2003). Professors do not always identify the
needs of international students to improve their mathematics knowledge base in English or to
provide support to refine their English language academic skills. Hence, it is critical for
language learners to recognize the importance of seeking help with mathematics content in
English before they arrive in the United States or through tutoring and other supplemental
instruction in their early undergraduate mathematics classes.
Third, international students must seek opportunities for engagement and integration
since higher education for all students involves some adaptation to academic discourse
socialization. That is, students must develop academic literacies and learn how to participate in
their communities of practice (Benzie, 2010). Zhou et al. (2019) referred to this need as crosscultural communication. Researchers explained the importance of international students sharing
cultural experiences with domestic students, and they recommended participation in group
activities that integrated domestic and international students (e.g., Kersaint et al., 2013;
Moschkovich, 2010). Lesser and Winsor (2009) advocated the sociocultural approach to
learning benefitted international students. Additionally, Zhou et al. (2019) concluded language
learners needed a learning community.
Higher Education Administration and Faculty. Higher education institutions can
better serve international students by having a greater understanding of language and cultural
differences. Administrators must provide wider access of robust services for international
students. Researchers suggested more effort with first language tutorials or specific math
English additional courses and early interventions (Barton & Neville-Barton, 2003). Support
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services might include the creation of an early intervention opportunity such as an online
mathematics course in English prior to arrival or during a precollege student success orientation
program. Secondly, mathematics instructors might consider starting a list of mathematics
vocabulary and other academic terms for students that could be distributed in the early
mathematics classes to highlight words that are problematic for language learners. The
participants in this study had matriculated from a Pathway program. Hence, they had access to
the ELM class. International students, who are directly admitted into a college or university, do
not have opportunities like this for mathematics support.
Administrators must understand the need to enhance undergraduate mathematics teacher
education programs to bring awareness of cultural contexts in the curriculum. Melius (2017)
acknowledged international students confronted an array of academic adjustments to the host
country, but the responsibility was often left to the student to adapt rather than for institutions to
accommodate their specific needs. Sharma (2018) concluded the role of language and culture in
learning undergraduate mathematics should be viewed as a resource, but never as a limitation.
The challenge of all undergraduate mathematics instructors is to fuse cultural differences,
standard-based instruction, pedagogical strategies, and content knowledge together to create a
culturally relevant curriculum (Rosa, 2015). Instructional strategies are techniques to motivate
and help students to focus their attention, to organize the content in meaningful ways to assist
understanding, and to monitor and assess student learning (Vazquez et al., 2018). International
students learn mathematics in English through engagement in mathematics tasks, academic
discourse, and an active learning environment (Kersaint et al., 2013). Martirosyan et al. (2015)
suggested implementing activities in classrooms that encouraged interactions with domestic
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students because it contributed to the adjustment process and had a positive impact on their
language proficiency.
Administrators must understand the need for professional development to support
university instructors for linguistic/cultural differences. Zhou et al. (2019) remarked few
university instructors have received professional development for intercultural learning or
inclusive education. Moschkovich (2018) summarized instructional practices for academic
literacy in mathematics should focus on the use of informal and formal language in the
classroom. Instructors must incorporate international students’ language, culture, and
community in mathematical practices to provide equitable opportunities for student learning.
Walqui (1998) noted instructors should enable language learners to build from existing cultural
knowledge base in mathematics. Further, instructors must build on language resources such as
students’ previous experiences with mathematics instruction, prior history of language
development, and educational background. Janzen (2008) recommended instructors use
students’ prior knowledge to make connections between culture and mathematics and even
advocated for the use of mathematical tasks that can be linked to other content areas.
Cirillo, Bruna, and Herbel-Eisenmann (2010) advocated for the personalization of
instruction as a prevalent practice at the heart of mathematical language learning. Yet, in Ortiz
and Sriraman’s (2015) study, faculty expressed concerns over the challenge of making practical,
real-world connections to fit every student. Further, Rosa (2015) explained the value of relating
to the culture of international students, as connecting mathematical content through real world
associations to student’s home country is an important tool to build a sense of community.
Wilkinson (2018) concluded instructors support the inclusion of all students in all aspects of
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mathematical tasks by honoring international students’ first language while simultaneously
developing their second language.
Higher education administrators must recognize the potential value of enrolling
international students and hiring faculty and staff from diverse backgrounds to promote a deeper
immersion experience for all students in postsecondary schools (Benzie, 2010). Little attention
is given in the literature to preparing future university instructors for the challenging work of
teaching mathematics to language learners, and researchers have different ideas about how to
guide culturally and linguistically relevant curriculum and instruction.
Recommendations for Future Research
There are a few recommendations to extend this study. Future research on this topic
might include more participants, other institutions located across the United States, and
classroom observations. Additional students from other participating countries in higher
education could provide a larger representation of the international student experience in
undergraduate mathematics. This is especially crucial toward understanding how personal
characteristics, cultural background, and country of origin might impact international students’
experiences to learn mathematics in English in the United States. It would be particularly
interesting to conduct the study at institutions that are even more diverse and at institutions
located in larger cities. Researchers might discover noticeably different perceptions shared by
participants since the diversity of the student body and location are both important factors in
international students’ overall experience studying overseas. Another recommendation for future
research is field observation which should be implemented by spending several mathematics
class sessions with each of the participants to observe their behavior. This would give additional
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insight into their challenges for learning and their strategies for success since the researcher
could observe their learning environment and social interactions in the classroom.
Second, future researchers might expand on what scholars and practitioners can learn
from international students’ perceptions of navigating undergraduate mathematics in English,
both successfully and unsuccessfully. I would suggest studies across international populations
from different regions. For example, research that focuses specifically on how numbers, words,
and symbols mean different things to students from the Middle East or to students whose first
language is Arabic might inform faculty about certain nuances that improve pedagogical
practices in diverse cultural classrooms.
Third, a longitudinal study to explore how international students adjust their
mathematical skills in English over time would add to the literature. For instance, researchers
found ELLs’ success in first-year undergraduate mathematics courses did not continue in the 2nd
and 3rd year (Barton & Neville-Barton, 2003). Further, Barton et al. (2005) noted “students
struggle at mathematics from the Advanced Year 2 courses when the role of language changes”
(pg. 728). As institutions seek to support this growing segment of the student population, it is
important to understand international students’ perceptions of learning undergraduate
mathematics in English before or shortly after their arrival and how perceptions changed as the
students reached more advanced levels of mathematics. Therefore, another direction for future
research might be to conduct a longitudinal qualitative study where ELLs use daily diaries to
document their learning of undergraduate mathematics. This type of study might provide needed
insights to higher education professionals who assist international students through mathematics
skills development in the United States.
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Fourth, future research might focus on Academic English (AE) development for all
higher education professionals. This professional development can include collaborative work
with undergraduate mathematics teachers and AE teachers to help the mathematics teacher
education community better understand academic discourse. This job-embedded professional
development might involve a wide range of workshop activities to design mathematical tasks
that teach the mathematics register, to improve techniques of academic discourse, and to provide
suggestions for enhancing the learning environment. There are no studies that provide
undergraduate mathematics teachers with a list of possible combinations of instructional
strategies and information technologies that could be used as a tool to improve ELLs’
mathematics learning (Vazquez et al., 2018). Nevertheless, other questions remain to be
answered. Riordain, Coben, and Miller-Reilly (2015) concluded that this area of mathematics
research, especially for adult learners, is an important and neglected issue. Finally, while peerreviewed literature on Arab undergraduate students’ transition to learn mathematics in English
remains limited and further exploration is necessary, it is indisputable Arab undergraduate
students are a growing segment in higher education, and as such, research to enhance the
experience of both teacher and student is essential.
Summary
In this qualitative study, I aimed to explore and to describe Arab undergraduate students’
perceptions of their transition to learn mathematics in English in the United States. I collected
data through virtual in-depth interviews with two participants and utilized a researcher reflexive
journal, and I revealed six broad themes to help international students and university instructors
to understand international undergraduate students’ experiences in mathematics classes in the
U.S. The participants faced several challenges that impacted their transition, including language
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and cultural differences in mathematics, placement test decisions, learning and teaching styles,
time demands, as well as difficulty developing relationships with diverse others. Depending on
the situation, the participants reacted to their experiences in different ways. To deal with the
academic challenges to learn mathematics in English, they utilized coping mechanisms. Coping
mechanisms would include either interactions with friends, classmates, tutors, and instructors or
self-coping with instructional videos or other learning tutorials. To ease the process of their
transition, participants utilized resources on campus or elsewhere. They reported on campus
resources such as SMART lab and instructor’s office hours, but they primarily utilized offcampus resources such as technology and collaboration with others. Both participants
experienced various social interactions that shaped their cultural perspective. Participants noted
other supports such as course delivery, linguistic, cognitive, meaning making, self-created
opportunities, accumulation of experience, recognition of value, and commitment to succeed.
Participants experienced challenges and supports in transition in similar ways. Further,
participants adapted to learn mathematics in English which improved their opportunities for
academic success in the United States.
Research questions were answered, and I discovered new questions in the process. What
are the best practices for pre-arrival mathematics preparation to minimize language and culture
shock and to contribute to international students’ smooth transition to undergraduate
mathematics in English? Would these preparations apply to all language learners or would they
depend on an international student’s first language? How can higher education professionals
create a sense of belonging for these linguistically and culturally different students in
mathematics education? Why do mathematics instructors continue the same pedagogical
practices regardless of student diversity? This qualitative inquiry was designed to inform the
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knowledge base of Arab undergraduate students’ transition to learn mathematics in English and
to bring awareness to their challenges and supports. Future researchers can explore these
important avenues for further study.
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Appendix A: Demographic Questions
1. How old are you?
2. What is your home country?
3. What is your native language?
4. What other languages do you speak?
5. When did you first learn to speak English?
6. Why did you choose to study in the U.S.?
7. Did your country sponsor you to study in the U.S.?
8. What undergraduate degree are you seeking in the U.S.?
9. How long have you been in the U.S.?
10. Have you been to the U.S. prior to your full-time studies?
11. Have you had any firsthand experiences with learning mathematics in English before?
12. What was the highest level of mathematics that you studied in secondary school?
13. What was your experience with the mathematics placement exam at U.S.F.?
14. What mathematics class did you take in your first semester of Pathway?
15. What are your plans after you graduate from the university?
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Appendix B: Probes for Interview Questions
General Questions related to Participants’ Perceptions of Challenges
•
•
•
•
•
•
•
•
•
•
•
•

Describe your experiences of learning mathematics in your home country (e.g., teachers,
textbooks, technology, interactions)
What event or experiences motivated you to enroll in a university in the U.S.?
Describe your learning experiences in your mathematics class at USF (e.g., understanding
lectures, asking questions, time management, assessment)?
What would you say are the biggest similarities between learning math in the U.S. and
learning math in your home country (e.g., teaching styles, learning styles, participation
structures, content differences)?
What would you say are the biggest differences between learning math in the U.S. and
learning math in your home country?
How would you describe your participation in the classroom before and after the
pandemic (i.e., class attendance, asking questions, discussing ideas with fellow students)?
Describe any positive experiences that you have had in your math classes.
Describe any negative experiences that you have had in your math classes.
What personal strengths have helped you in your transition to university mathematics?
How does the use of technology influence your opportunity for learning mathematics?
How did the pandemic/distance learning impact your ability to get support?
What other challenges have you encountered in your transition to learn university
mathematics?
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Appendix C: Probes for Interview Questions
General Questions related to Participants’ Perceptions of Supports
•
•
•
•
•
•
•
•
•
•
•
•
•

What people have had a positive influence on your opportunity to learn mathematics at
the university? Why
What people have had a negative influence on your opportunity to learn mathematics at
the university? Why?
What supports are available for the mathematics class that you are currently taking?
(Smart Lab, Office Hours, Tutoring, Other Students, Online Sources)
Which supports do you utilize and how?
How do you feel about asking “others” for help, both in and out of class?
In what ways do you seek help from the instructor, other students in the class, domestic
students, students of the opposite gender, tutors in the lab? Explain.
What do you do when you do not understand or cannot complete the homework?
If you cannot resolve the issue, what do you do?
What strategies for learning mathematics have worked best for you? Why do you feel
that way?
What is it like being an international student and trying to learn mathematics?
How do you manage your time with all your classes?
What is it like being an international student and trying to learn mathematics?
What do you do for fun to ease the academic stress?

*** Is there anything you would like to add that I might not have asked?
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Appendix D: IRB Approval Letter

EXEMPT DETERMINATION
September 3, 2020
Annetta Hastings
914 N. Riverhills Drive Temple Terrace, FL 33617
Dear Ms. Hastings:
On 9/2/2020, the IRB reviewed and approved the following protocol:
Application Type:

Initial Study

IRB ID:

STUDY001275

Review Type:
Title:

Exempt 2
Arab Undergraduate Students’ Perceptions in Learning
Mathematics in the United States: Challenges and Social Support

Funding:

None

Protocol:

• Protocol;

The IRB determined that this protocol meets the criteria for exemption from IRB review.
In conducting this protocol, you are required to follow the requirements listed in the
INVESTIGATOR MANUAL (HRP-103).
Please note, as per USF policy, once the exempt determination is made, the application is closed in BullsIRB. This does not limit your ability to
conduct the research. Any proposed or anticipated change to the study design that was previously declared exempt from IRB oversight must be
submitted to the IRB as a new study prior to initiation of the change. However, administrative changes, including changes in research personnel,
do not warrant a modification or new application.
Ongoing IRB review and approval by this organization is not required. This determination applies only to the activities described in the IRB
submission and does not apply should any changes be made. If changes are made and there are questions about whether these activities impact the
exempt determination, please submit a new request to the IRB for a determination.
Sincerely,
Various Menzel
IRB Research Compliance Administrator

Institutional Review Boards / Research Integrity & Compliance
FWA No. 00001669
University of South Florida / 3702 Spectrum Blvd., Suite 165 / Tampa, FL 33612 / 813974-5638
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Appendix E: INTO Approval Letter

July 28, 2020
Re: Approval for research in INTO USF Academic Programs/Learning Resource Services

This notice is to verify that the following researcher has been given authorization to conduct a study at the INTO USF Center/Learning Resource
Services involving the participation of INTO USF students.
Researcher:

Annetta Hastings

Study Title:

Arab Undergraduate Students’ Perceptions in Learning Mathematics in the United States: Challenges and Social Support

Duration:

Approval granted for August and September of 2020

The researcher communicated with the Associate Director on July 21, 2020 and provided details of the study. The researcher submitted a copy
of their USF IRB protocol. The following parameters in conducting research in the INTO USF Center/Learning Resource Services are established:

1)

Research will take place outside of the students’ classes: Prospective participants are Arab undergraduate students in the Pathway
program who were previously enrolled in the Academic English program at INTO USF and who participated in an English Language
for Mathematics class while enrolled in the AE program. The mathematical experiences of seven INTO USF students will be explored
through the qualitative inquiry.

2)

Recruitment for study participants outside of classes will occur in the following ways:

a.

Participants will be contacted via their USF email account by the INTO USF Associate Director to gain approval for the researcher
to contact them. Approval by students will be conveyed to the researchers, who will then contact the participants via their USF
email account.

b.

Study participants will sign a consent form provided by the researcher.

3)

Faculty and students have the option to participate or not in the research project. No coercion is involved to participate.

If at any time these parameters are not followed, we reserve the right to renegotiate approval for this research project. Approval for
conducting this project with INTO USF students is valid until October 1, 2020. If more time is needed to continue past this date, please contact
the Associate Director for an extension. Thank you for choosing INTO USF/LRS as your research site.

Jenny Schultz, M.A. Associate Director
Email: jlschultz@usf.edu
INTO USF ACADEMIC PROGRAMS
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Appendix F: Invitation Email

Subject: Invitation to participate in the research project
Pro # 001275

Dear International Student,
My name is Annetta Hastings, and I am presently a doctoral candidate at USF. I am
conducting a research study for my dissertation with my former students from the Level 4 ELP
program at INTO USF, who participated in my English Language for Mathematics (ELM) class.
I, Annetta Hastings, will be the principal investigator of the research. Dr. Eugenia VomvoridiIvanovic, my faculty advisor and committee chair, will serve as the Co-Investigator (CI). The
purpose of this research is to explore Arab Undergraduate Students’ challenges and social
support in learning mathematics in the United States.
You are being asked to participate since you were one of my ELM students in the
Summer 2019 or Fall 2019. This is a voluntary research study. If you choose to participate, you
will be required to sign an informed consent form, which gives permission to use the research in
a publication. However, your name will be anonymous in any case. If you agree to the study,
you will be asked to answer questions in three separate virtual interviews, each lasting between
30 to 45-minutes, at a mutually agreed upon time. There will be no benefits to the study or
compensation. I will provide $50 cash after the three interviews to show my appreciation if you
choose to participate. You will be able to withdraw your participation at any time during this
process. Please let me know if you would be willing to participate in this study. Feel free to
contact me with any questions via email or by phone. My contact information is
annetta@mail.usf.edu and my phone number is (813)486-8890. Thank You!
Sincerely,

Mrs. Annetta Hastings
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Appendix G: Participant Consent Form

Informed Consent to Participate in Research Involving Minimal Risk
We are asking you to take part in this study because you are an Arab undergraduate student in
the Pathway program at USF.

Costs
It will not cost you anything to take part in the study.

Study Procedures:
For the study, I will set up three appointed dates, one week apart, to conduct the zoom
interviews. The interviews will last between 30-45 minutes each and will occur online at your
convenience. The three interviews will be audio recorded. I will work with you to find times for
interviewing that work within your schedule.
During each zoom interview, you will be asked to:
•

Answer some questions about your undergraduate mathematics learning experience at
USF as well as your mathematics learning experiences before you studied in the United
States.

•

Per your consent, I will audio/video record the zoom interviews on a password protected
computer. I will have access to the recording and possibly my supervising faculty
member, Dr. Eugenia Vomvoridi-Ivanovic. I will transcribe the interviews and use a
pseudonym for your name and for the university. The video and transcripts will be
maintained on a password protected computer for five years after the final report is
submitted to the IRB. After that time, they will be deleted.

I freely give my consent to take part in this study. I understand that by signing this form I am
agreeing to take part in research. I have received a copy of this form to take with me.
_______________________________________________________________
Signature of Person Taking Part in Study

Date

___
Printed Name of Person Taking Part in Study
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Total Number of Subjects
About 7 individuals will take part in this study at USF.

Privacy and Confidentiality
We will do our best to keep your records private and confidential. We cannot guarantee absolute
confidentiality. Your personal information may be disclosed if required by law. Certain people
may need to see your study records. These individuals include:
•

The research team, including the Principal Investigator and Co-Investigator.

•

Certain government and university people who need to know more about the study.
For example, individuals who provide oversight on this study may need to look at
your records. This is done to make sure that we are doing the study in the right way.
They also need to make sure that we are protecting your rights and your safety.

•

Any agency of the federal, state, or local government that regulates this research. This
includes the Department of Health and Human Services (DHHS) and the Office for
Human Research Protection (OHRP).

•

The USF Institutional Review Board (IRB) and its related staff who have oversight
responsibilities for this study, and staff in USF Research Integrity and Compliance.

We may publish what we learn from this study. If we do, we will not include your name. We will
not publish anything that would let people know who you are.

Alternatives / Voluntary Participation / Withdrawal
You do not have to participate in this research study.
You should only take part in this study if you want to volunteer. You should not feel that there is
any pressure to take part in the study. You are free to participate in this research or withdraw at
any time. There will be no penalty or loss of benefits you are entitled to receive if you stop
taking part in this study. The decision to participate or not to participate will not affect your
student status (course grade).
Information to Consider Before Taking Part in this Research Study
Title: Arab Undergraduate Students’ Perceptions in Learning Mathematics in the United States:
Challenges and Social Support
Study # __001275__
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Overview: You are being asked to take part in a research study. The information in this
document should help you to decide if you would like to participate. The sections in this
Overview provide the basic information about the study. More detailed information is provided
in the remainder of the document.
Study Staff: This study is being led by Annetta Hastings who is a who is a doctoral
candidate at the University of South Florida. This person is called the Principal Investigator.
She is being guided in this research by Dr. Eugenia Vomvoridi-Ivanovic.
Study Details: This study is being conducted at the College of Education at the University of
South Florida. The purpose of the study is to explore Arab undergraduate students’
perceptions of the challenges and social support in learning mathematics in the United States.
Participants will be interviewed three times in a virtual platform using zoom video
communications.
Subjects: You are being asked to take part because you are an Arab undergraduate student
enrolled in the Pathway program at USF and previously participated in an English Language
for Mathematics class while you were enrolled in the Academic English program at INTO
USF.
Voluntary Participation: Your participation is voluntary. You do not have to participate and
may stop your participation at any time. There will be no penalties or loss of benefits or
opportunities if you do not participate or decide to stop once you start. Your decision to
participate or not to participate will not affect your student status, course grade,
recommendations, or access to future courses or training opportunities.
Benefits, Compensation, and Risk: We do not know if you will receive any benefit from
your participation. There is no cost to participate.] You will be compensated with $50 cash
for your participation that you can pick up at the INTO office on campus. This research is
considered minimal risk. Minimal risk means that study risks are the same as the risks you
face in daily life.
Confidentiality: Even if we publish the findings from this study, we will keep your study
information private and confidential. Anyone with the authority to look at your records must
keep them confidential.
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Why are you being asked to take part?
Benefits
You will receive no benefit(s) by participating in this research study.

Risks or Discomfort
This research is considered to be minimal risk. That means that the risks associated with this
study are the same as what you face every day. There are no known additional risks to those who
take part in this study.

Compensation
You will be compensated with $50 cash if you complete all the scheduled study visits. If you
withdraw for any reason from the study before completion you will not be compensated.

You can get the answers to your questions, concerns, or complaints.
If you have any questions, concerns or complaints about this study, call Annetta Hastings at
(813)486-8890. If you have questions about your rights, complaints, or issues as a person taking
part in this study, call the USF IRB at (813) 974-5638 or contact by email at RSCHIRB@usf.edu.

Consent to Take Part in Research
Statement of Person Obtaining Informed Consent
I have carefully explained to the person taking part in the study what he or she can expect from
their participation. I confirm that this research subject speaks the language that was used to
explain this research and is receiving an informed consent form in their primary language. This
research subject has provided legally effective informed consent.

Annetta Hastings______________________________________________________________
Signature of Person Obtaining Informed Consent
Date 9/25/20

Annetta Hastings_____________________________________________________________
Printed Name of Person Obtaining Informed Consent
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